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ABSTRACT

The dynamics of buoy mooring ropes nder conditions typical of the open
4 sea were simulated in an anaiog computer. Motions sufficient to cause
significant errors in current meters were found in the ropes. Dynamic
tensions rising to dangerous values wer¢ found in short, taut, steel

ropes. Lesser tensions were found in nylon ropes. Rope shapes in ocean

currents varying with depth also were obt: ined incidental to the principal

study.
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r DEFINITION OF SYMBOLS
A Effective cross-sectional area of the rope
a s bn » C (See Equation (72) )
ar Acceleration at Node n normal to Segment s
Nn n+1
{ -
‘ Ay Acceleration at Noge n normal to Segment s
Nn n
}. CD Normal drag coefficient
- dCM Diameter of current meter
DB Horizontal drag force on the buoy
Dn Water drag normal to the rope on the entire rope
segment between Nodes n-1land n
1
Dn Normal drag on Rope Segment if rope were vertical
[Dn] TOTAL  Total normal drag, including current meters ascribed
to Rope Segment s,
D1 Total normal drag, including current meters ascribed
n JTOTAL - . .
to Rope Segment S, when the rope is vertical
;CM Normal drag »n lower hzlf of current meter at Node n-1
:1CM Normal drag on upper half ot current meter at Node n
* s . + -
K hCM A general expression for either DnCM or DnCM
+ ! . + . .
(DnCM) The equivalent of DnCM if the current meter were vertical
; DN 1 Water drag concentrated at Node n normal to the mean
) tangent to the rope at Node n
. DTn Water drag concentrated at Node n tangential to the
- mean rope direction at Node n
E Effective value of Young's Modulus for a rope, units
of force/unit area
] ix
_
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an Component in the x-direction of water drag due to current
concentrated at Node n
1
an Cyclic portion of an
Q n Component in the y-direction of water drag due to current
y concentrated at Node n
Sy Length of rope Segment between Nodes n-1 and n
s Mean value of s, in the dynamic simulsiion (same as sy
n n .
in the static simulation)
10 Unstretched reference length of Rope Segment S,
t Time
'I‘n Tension of the rope immediately above Nodv: n
, 3 » .
Tn Cyclic portion of Tn
.'fn Mean value of T; in the dynamic simulation (same as T
in the static simulation)
U Vertical component of rope tension at the anchor
‘Vc Water velocity
Vv c(n-1) Water velocity at Node n-1
Vc(x) Water velocity varying as a function of x
VN Node velocity normal to the mean tangent of the rope
n at Node n relative to the water
VTn Node velocily tangential to the rope at Node n relative
to the water
w Rope weight per unit length in water
n Weight forces in water assumed concentrated at Node n
;_ Weight in water of an object {current meter) attached to
' the rcpe at Nede n
X, Vertical cartesian coordinate of Node n measured from

an origin at the water surface verticaliy abeve the anchor
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Reaction force at Node n, normal to Segments_ .,
due to entrained water about the half-segment
of Sl nearest Node n

Reaction force at Node n, normal tc Segment s_,
due to entrained water about the half-segment °
of Sy nearest Node n

Vertical component of F

Nn
Horizoatal component of Fkn
F. + F.
xn Am
F._+ F
yn© “yn

Sum cf all vertical external forces concentrated at Node n
except hydrodynamic reaction forces

Suni: of all horizontal external forces concenfrated at Node n
except hydrodynamic reaction forces

Preassigned depth of Node n
xn-l - xn

Horizontal compenent of rope tension at the anchor

Matrix quantities, see Equations (33), (34), (37)

See Equation (53)

An arbitrary rate damping constant multiplying the first
order term in the typical differenual equation for the
static case

Length cf current meter

Mass ascribed to Node n

Virtual mass of water entrained by upper half of
Segment Shel

Virtuzl mass of water entrained by lower half of
Segment S,

Number of Node counting downward frcm zero at the buoy to
10 {or 4) at the anchor

Xi
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[ S = T

K>

Cyclic portion of X

Mean value of X, in the dynamic simulation (same as X,
in the static simulation)

Horizontal ~artesian coordinate of Node n measured from
an origin at the water surface vertically above the anchor

Cyclic portion of Yy

Mean vaiue of y, in the dynamic simulation {same as y,
in the static simulation)

Drag normal to the rope on the upper half of Segment S,
divided by Dn

Ratio of tangential drag coefficient to rnormal drag
coefficient for a rope

The angle measured clockwise from the vertical to the
section of rope above Ncde n

cyclic portion of an

Mean value of 8, in the dynamic simulation (same as 6y
in the static sinwiation)

Dynamic spring constant of nylon rope in units of force/
unit exiension

Water density

Meun of Bn and 6n+1

Is approximately equal to

is defined as

T T~ - e B e P R T
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{. INTRODUCTION

OBJECT

This werk had 2s its object the study of the dynamics of firmiy anchored steel
and nvlon mooring lines attached to a buoy on a sea surjace disturbed by simgple

sinusoidal waves. Interest was especially directed to:

e The motions of current meters attached to the mooring line and the
resuitant spurious current indications

¢ The dynamic component of mooring line tension

METHOD

First an analog computer was used to determine rope shapes without wave
excitation in typical current profiles. After this the computer was rewired

to simulate the dynamic situation as perturbations of typical static cases.

PRIOR WORK

*
1,2) has recently studied mooring line shapes at some length in both

Wilson
uniform and non-uniform currents. His calculations for non-uniform currents
were for 12, 000 feet of depth and currents typical of the Gulf Stream. Some of
Wilsen's methods have been used here, but the necessity of including other

depths and weaker currents typical of the greater parts of the ocean prevented

any direct use of his results except for checking ours.

Dynamic studies of mooring lines have been made by Whicker,(s) by Walton and
Polachek,(4’ 5)amd by Polachek, et al.(s) Whicker treats the longitudinal oscilla-
tions of a steel rope as though it were a straight-stretched, undamped elastic

cord, excited longitudinally by sinusoidal dispiacements; he demonstrates the

* Raised numbers in parentheses indicate references at the end of this report.

I
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probable existence of standing-wave phencinena in long steel ropes. Walton and
Polachek made a mathematical analysis of the dvnamics of a rope with curvature,
water drag, and water inertia, in which they permit compoenents of motion normal
to the rope; but they consider the rope inextensiblz and present results for only
a few cases. (Assumption of an inextensible rope is obviously untenable for
synthetic fiber ropes and must yield tensions which are substantially too high

in long steel ropes at low frequencies.) Polacheck, et al., extended the computa-
ticnal method to provide for elasticity and reported the result of one practical

computation. We have made use of some of these authors' methods also.

The authors of References 1, 2, 4, 5, and 6 all used digital computers. (Whicker,
who makes no mention of a computer, may have used a desk calculator.) The
digital solution of Polachek, et al., was exceedingly time consuming, and
Walton(7) estimates 20 hours per case on the IBM 7090 — hence, the choice of

an analog computer for the present study.

THE PRESENT STUDY

This study treats curved elastic mooring lines in which all the fixed and oscillatory
forces and motions are in the same vertical plane and water and wind velacities

have the same direction. Transverse as well as longitudinal moctions are permitted,
and account is taken of transverse and longitudinal rope drag and of the virtual

mass of entrained water. The mcoring lines were approximated as a number of
unequal, straight spring segments with all the associatcd masses and forces con-
centrated at the junctions of the segments (nodes). Mass, weight, and drag, approxi-
mating a Richardson current meter,were inserted at each node, except at the buoy
and anchor. The buoy was assumed to have no dynamics of its own; the oscillatery
excitations were simple elliptical displacements of the top of the mooring line.

with the vertical axis of the ellipse four times as great as the horizontal.

The study of line-shape and tension under static conditions was done using a 10-
segment approximation. About half of the dynamic study was done with 10 segments
also. The complexity of the problem, however, nearly saturated the capabilities

of the analog computer, so that compor:nt breakdowns were difficult to find and

—— - e ————




R

GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

TROG5-T5

the patch panel was so crowded with wires that scaling changes could be made
only with difficulty. Since it appeared economically unjustifiable to proceed,

the computer was rewired for a four-segment simulation and the study completed.

VARIABLES STUDIED

One of the limiting factors in this study was the multiplicity of cases. Desirably,

the problem should have been solved for several of each of the following:

. S—  — — wesp -

raope diameter
f rope type
' current velocity structure
wind drag
water depth
scope (or tension) of mooring line
wave height
wave irequency

current meter distribution

In addition, x and y displacements at, perhaps, 9 points and tensions at from
2 to 11 were required. If each tabulated variable had a multiplicity of, perhaps,
3, there would be 39, or 19,683 cases, each requiring roughly 10 minutes

of computer time. Evidently a drastic limitation in multiplicity was necessary.

; The static solution for rope shape and tensions, therefore, was carried out {or

63 of the possible 144 cases derived from the following variables:

{ 4 current-profile/surface-drag combinations

3 rope materials: steel, nylon, glass

s 2 rope diameters: 1/2 inch and 2 inches

- 3 depths: 1,800, 6,000, and 18,000 feet

. 1-4 rope tensions at the buoy, distributed between breaking strength
} and a tension at which the rope approached bottom within 10 degrees of
4 horizontal (rescaling about the amplifier representing the length of the

bottom rope segment would have been necessary to approach mere closely)

1 current meter distribution: one meter at each node

o - -~ - B - - ~ TN NS R T - - R T —




GM DEFENSE RESEARCH LABORATONRIES @ GENERAL MOTORS CORPORATION

TR65-79

The dynamic solution was carried out for:

1 rope diameter: 1/2 inch
2 rope materials: steel and nylon

2 rope shapes at each depth: one resulting from high tension and one
from low tension

3 depths: 1,800, 6,000, and 18,000 feet
5 wave periods: 2, 4, 8, 16, and 32 seconds

3 wave heights: 5, 15, and 50 feet (with an occasional substitution of
30 or 40 feet for 50 feet when amplifier limiting demanded)

Ten wave-period/wave-height combinations were used to give a total of 120
separate cases. Displacements of each node were recorded on an x-y recorder;
tensions at the top, middle, and bottom of the mooring rope were recorded on a
strip-chart recorder. The results were analyzed and are presented as tables
and graphs in Section VI. Details of the study are given in the following sections.
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1. METHODS

INTRODUCTION

This section treats the general aspects of the computer solutions and details of
the philosophy us=2d in setting up the problem and choosing the ranges of variables.
Mathematical details are reserved for the appendix.

GENERAL DESCRIPTION OF METHOD

In either a digital~- or analog-computer simulation ofa mooring rope, the rope is
represented as a series of straight segments joined at points called nodes. All
forces and masses associated with the rope areassumed to be concentrated at
the nodes; sections of rope between nodes are considered to be straight springs
without mass. Figure 1 shows this simulation graphically. Any desired degree
of accuracy in simulation may be had by increasing the number of segments,
but at the cost of increasing the complexity of the problem. For a complete
description of its behavior, each node requires two second-order partial
differential equations. The resultant equations for the entire rope form a
simultaneous set upon which is impesed the requirement that the tension at

each end of a between-node segment be the same.

The computer used to solve these equaticns was the Pace Mcedel 231-R fitted
with 150 amplifiers. 40 integrators, 10 servo multipliers, and 4 servo resolvers,
plus diode squarers and other anilog components. In addition, at one stage a

small special computer was brought intc play.

As explained earlier, the problem had te be dcne in two stages, the first a
determination of static rope shapes and the second a dynamic simulation calcu-
lated as a perturbation of the static condition. This was necessary because the
dynamic range of the analog computer was not great enough to show accurately a
small perturbation on a background of an already large displacement. *

* Whereas a digital computer conceptually has sufficient dynamic range, the same
requirement is found in practice since the static case must be pre-calculated to
serve as the initial condition for the dynamic solution.

- s skl T R = S
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SURFACE - -

NODES {(all forces and
masses assumed to be
concentrated at nodes)

ANCHOR e

Figure 1 Lumped-Parameter Simulation of Mooring Lire
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In the static simulation, the nodes were all constrained to move at constant
depth, andthe rope was permitted to lengthen between nodes, as necessary.
Elasticity did not enter into this case. Reduction in rope diameter by stretching
was assumed to be negligible. Water drag was taken as proportional to the

square of the component of velocity perpendicular to the rope.

DRAG COEFFICIENT

The drag coefficient was taken to be 1. 8 (instead of the 1. 4 used by Wilson in
Reference 1) to aliow for the effects of rope flutter caused by vortex shedding.

This choice requires explanation.

All of the work upon which the frequently auoted values of drag coefficient are
based was done by towing lengths of rope so short as to be incapable of flutter.
The flutter which occurs in long ropes absorbs energy and increas:2s the drag.

The meager guantitative information available on the subject follows.

Johnson and Lampietti(a) report the calculations of Daniel Savitsky, who calcula-
ted theoretically for 11,500 feet of 3/ 16-inqh (diameter) wire rope at 0.3 knot

a drag coefficient of 1.9. Rather, et al. ,(9) report an experiment in which

0. 465-inch well-logging cable was tcwed at 4. 0 knots, and the cable shape
corresponded to a drag coefficient of 1.9, As Rather, et al., suggest, some
decrease in drag coefficient may occur at lower velocities, but since Savitsky's
estimate at low velocity is also 1.9, it seems safer to retain a high value

throughout the velocity range, compromising on a value of 1. 8.

The tangential drag coefficient for the rope was taken to be 0.02 of the norm:.l

drag coefficient.

WATER AND WIND VELOCITIES

Two basic water-velocity profiles were used, one slightly modified from Wilson's
Design Current B (in Ref. 2), the other a weak current of 0.5 knot lumped. for
convenience, in the upper 500 feet (Fig. 2). Wilson's represents a strong current,

such as the Gulf Stream; the other approximates a weak current, such as the

e A e -
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California Current in mild weather conditions. Variations were assumed to be the
re.uit of brief storms that would increase the speed of water near the surface. One
would ordinarily assume the increase in water velocity to be about 2 percent of

the wind velocity, depending upon which of several formulas in the literature was
used. The penetration of storm-driven current downwargd into the mixed layer
could not be estimated soc simply, however., Thus, rather thar enter the
complexities of modifying the water velocity profile below the surface, a con-
siderably higher value of water velocity was used. so that effects of storm-

driven current on the rope might be iumped as buoy drag. The velocities chosen
are admittedly somewhat subjective.

Five such current-wind conditions were assigned originally, though only four
were used. Called Current Profiie 2 through 5, they are characterized in the
table below.

Table 1
DEFINITION CF CURRENT PROFILES

Current Profile 2 3 4 5
Wind (knots) 20 20 50 100
Basic Curr :at Profile B A A A

Surface SkinCurrent (knots) 0.5 3.0 6.0 10.0

BUOY DRAG

The increasing multiplicity of variables did nct permit a specification of several
independent buoy drags. Instead. buoy drag was assumed tc be proportionai to
repe strength at 2ach current-wind condition. To estimate the proportionality
constants, drag was calculated for several buoys”® described in the literature:

)
NOMA 9"’ 1) the Woods Hole toroid,(m) the Isaacs-Schick catamaran,(m)

and the Vinogradov spar.(M) Since all the required data was not available from
the descriptions, it was sometimes necessary to scale photographs or make

estimates.

* The Convair discus was not included because a suitable mooring line had not
yet been chosen.
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The water drag on bodies which penetrate the water surface is not easily estimated,
because the submerged portion is not often a simple geometrical shape. Part of the
drag is form drag, proportional to the cross section of the immersed volume;

part is skin drag, proportional to the wetited surface area; and part is due to
energy lost in making waves (this was neglected). Vinogradov's spar was readily
treated as a cylindrical body, mostly form drag, with a drag coefficient of G. 35.
The Isaacs-Schick catamaran was assumed to have frontal area for form drag of
about 2 ft?' (increasing at high rope loads) and a wetted area of 74 ftz. For form
drag, the usual drag equation was used with a drag coefficient of 1. 0.

For skin drag the formula qucted by Wilson in Reference 1 on page 47 was used,

- 2
(T), = 0.00421 AV +0.00657 A_ V

where (’rs)x is the drag, Aw is the wetted area in £t2, and V is the water
velocity in knots. (This formula is intended to describe the total drag of ships,
whkich have mostly skin drag. In lieu of a better formula it was used here to
calculate skin drag.) The other buoys were treated similarly.

Y
Devereux, et al. (15} nd Uyeda(m)

b4

report the results of towing buoy models,
extrapolating the drag te full scale by technigues used for ship models. By
extrapelation of Devereux's curves, drag has been est:maicd for two of the
buoy types mentioned. In eacli case the extrapolated drag was several times
larger than that calculated by formula. The results calculated by formula
were preferred, partily to avoid inconsgistency and partly to avoid the questicon-
able results of extrapolaticn,

Tables 2 and 3, which summarize the computation of the final drag estimates,
show that the drag, rope-strength ratio is surprisingly constant for each current-
wind condition. This is, perhaps, not so surprising after all, considering that
these buoys have remained in place at sea. The resuiting mean ratio was used

to calculate a buoy drag for each current-wind condition and each mooring line.

10
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SIMULATION OF CURRENT METERS

The mass, virtual mass, and drag of a current meter comparable to the Geodyne
Corporation Woods Hole Current Meter were inciuded at each node, except the

anchor and bucy. The constants chosen for the meter were as follows:

Length, effective (in.) 30
Diameter {in.) 7
Mass (1b}) 1G5
Weight in water (1b) 30
Virtual mass lateral (1b) 75
Virtual mass longitudinai (1b) 6
Drag coefficient, lateral 0.8
Drag coeificient, longitudinal 1.0

(17)

The drag coefficients and virtua; masses were taken from Saunders."

To reduce complications for the static case, the current meter drag was com-

puted as though the meter body has a constant tilt of 30 degrees in the plane of

flow. This cauases very little error. 1t was not necessary, however, to use this
simplificatior for the dynamic study.

The advisabiliity of simulating current meters in this problem may seem doubtful.
Since the properties of the current meter were lumped with these of the rope half-
segments on either side, the meisr appears only as increased rope weight and
drag. The effect is slight in dense ang long ropes, more significant in short and
less dense ropes. Furthermore, the simulation does not cevelop ail of the
behaviors of a concentrated mass on a vibrating rope unless a much more detailed

simulation of th2 rope in the vicinity of a current meter is set up.

We feel that the added complexity of simulating curient meters was jastified.
Otherwise, the nylon ropes probabiy would have exhibited motions less violent
than in reality. Detailed simulation in the vicinity of the meter was obviously

too expensive, but most likely the effects of this deficiency are slight waen the
ropes are relatively taut. In the less taut nylon ropes and possibly even in the
short steel ropes, our simulation probably gives lateral current meter excursions

that are too small.

13
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WATER DEPTHS

Depths of 18, 000, 6,000, and 1, 80Q feet were chosen as a reasonable bracketing
of practical conditions. We actually expected the dynamic conditions in 1, 800 feet
of water to demonstrate what an impractical depth this is for many purposes.

ROPE DIAMETERS, MATERIALS, AND TENSIONS

We had originally intended to study three synthetic fibers, plus fiberglass and
steel, in a number of rope diameters. But again the multipiicity of factors forced
a retrenchment. Only nylon, fiberglass, and steel were chosen, all with a
diameter of 1/2 inch except for five cases of 2-inch nylon in 18, 000 feet of
water. (The 87 static cases studied are summarized in Table 4.) When the
dynamic problem was set up, it became necessary to eliminate both the fiber-
glass and the 2-inch nylon, so that finally the dynamic cases were limited to
1/2-inch rope of either nylon or steel.

The manner of choosing tensions may be explained as follows: In the static cases,
once all the constants for current profile, rope and current meters, drag, depth,
etc., had been entered, the independent variable was the tension at Node 1 just
helow the buoy. * The dependent variables calculated by the computer were the y
increments for each rope segment,the x and y components of tension at each
node, and the length of each segment. Thus, the choice of tension at Node 1
determined all the other variables.

The two extremes of tension are the breaking strength of the rope and the tensicn
(if one exists) at which the anchored end of the rope sags enough to become tangent
to the sea bottom. In practice it was not possibie to reach the condition of tangency
on the computer, because it meant that the entire bottom segment of rope would
have to lie horizontaliy. Its length necessarily would be simulated as infinite,

and the corresponding amplifier would limit. Generally it was practicable to
approach the horizontal within 10 degrees; beyond this point tension settings

were very critical. (There are cases with high water velocities and low-density

* The tension at Node 1 was very nearly the same as at Node 0; for much of this
report the difference between them is ignored.

14
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Table 4

SUMMARY QF STATIC MOORING LINE CALCULATIONS

Depth Rope Rope Carrent Teasion Tension Rope Offcot Angle Angle Pige
i) Mat'l Dz Profle Node 1 Anchor T :ngth of Buoy Buoy Anchor
(ta) (» 1) it} (n) (deg) (dog}
18,000 Meel es 2 1,000 2,573 18.030 830 1.4 81 3
3 1,834 mn 18,510 3,11 1.8 75 4
3 20,000 12,5% 18,340 3,142 2.1 132 S
3 10,000 1,19 23,33 12,730 4.0 80 ¢
18, 000 Glass 0.8 3 1€, 1% 14,870 18,370 3,241 24 11 K
3 8,078 6,028 19,180 6,046 o7 343 3
3 4,843 3,401 23,0% 14,180 82 “1 ¥
3 3,810 2,%¢ 29,025 31,850 10 2 ¢ 10
4 16, 150 14,600 18,710 S, 2668 $0 .9 13
4 2,075 8,437 21,910 12,832 Hr i %6 12
4 ¢, 4% 8,082 33,260 12,990 21 $2 6 13
4 3, 4,081 31,400 25.529 280 [ 4
S 1€, 1%0 14,7% 23,98 18,600 32 437 15
3 12,930 15,50 13,0 23,922 42 2 €18 14
3 i1,652 10,389 38,5% 31,830 479 T2 13
18,000 Nylon 0.5 2 3,600 3.20% 12,90 49 11 28 13
2 2,10 1,7% 18,000 1,019 18 48 1€
2 120 bl 18, 400 3,319 $2 23 A k{3
2 400 135 22,310 1C, 980 s [ L8 21
3 7,200 6,192 19,080 $,537 38 2115 22
3 3,600 3,518 3.4 14, 00 T2 421 23
3 2,100 1,340 38,430 33, 00 i3 ™3 1
4 .20 £.7198 13,83 8,382 3¢ ¢ 7 e
4 3,800 3.2 26, R 1% 630 17,1 51 7 2¢
] T.300 £.557 24,320 18,320 46 “ 2°
1¢,000 Nyloe 2.0 3 53.000 40, 610 18,470 4.0402 3.7 13s H
3 31,.8% 28,3C 19,2800 6.2 81 NS 29
3 20, 00G 17, 800 21,3% 11,820 94 36 3 k1
3 20,000 17,590 21,580 12,000 98 T 4 Ata
3 18, 900 13, 40 24,370 18,270 122 0 32
6,000 Steel 0.% 2 10, 000 7,328 4,003 158 1t is 33
2 ¢,000 3,382 6,058 s 1.3 48 34
2 3,000 s 8,150 1,020 3 s 3%
2 03t R 4,331 1,629 33 -1 3¢
3 20,09 17,210 4,077 U4 1.5 LX) B
3 10,000 7,368 6,382 1,988 29 2% 8 3
3 ¢, 000 3,402 1.6%4 4,048 4.9 L3 I 3%
3 S, 184 2,9 9,403 8,738 57 81 3 «
L] 20, 000 17,3% 4,173 1.4 %8 1% 9 4%
4 10,000 1.2 [ X ] 3,35 133 3 42
4 8,000 5,502 2,150 4,819 18 17 82 ¢ 43
4 4, 00¢ 4,047 3,840 8,37 a3 Bt & 4"
6,000 Glass 0.% 3 10,000 9.3 4,211 1.623 3¢ ive 44
3 3,200 4,372 7,034 3.820 S ¥ s 45
3 3,900 3,428 10,03¢ 7.889 98 &) 43
3 2,58 2,040 13,97 12,200 1.3 wr 4
4 10,005 $,3% 4,438 .35 13 26 33
4 3,000 4,438 9,450 1.23¢ 3 09 M
4 3,74 3. 18.300 13,070 07 83 1
§, 600 Nylon ] 3 3,800 3,304 4.033 144 1.1 Y 12
3 3. 1.0 4.01¢ 307 18 1 L2
2 ™ 342 4,138 1,058 5.1 19 A 4
3 3, %00 3,338 7,508 4,402 41 (73] 2
3 3,100 1,98 11,1% 8,288 .4 [ e
3 1,80 1,1 13,310 12,97 1.8 23 Re
4 3,802 3,340 3,313 4,043 144 W0 6 <4
4 1,000 2,088 10,400 3,380 i8¢ ® 37 %
4 2,800 3,687 13,3800 3,308 .0 0.6 80
4 1,10 1,7M¢ 18,20 14,930 1.2 bR 61
1,800 Steel 0.3 3 1,000 1.3 1,638 2% 28 2.t al
3 $,000 3,43 2,04 " 40 4T 4 E
3 ¢, 1 1,8 2,508 1,908 so 2 x.
1,800 Nylon 0.5 3 3,800 3,383 3,081 %2 23 @8 82
3 1.1 1,94 3,62 1L, 38 [ 13 53
3 L4460 .M 4,312 3,130 Ss we kN
12,000 Steel 0.3 Ale) 11,18 7,38 3,10 18, 062 bR ) 47 .
Afc) 1.078 3, 3% 15,708 8,009 1. Tt 1
{a) A repetitim with improved computer scallg.
) A duplicate run to check The compuiar afNer lapse of ons day.
(¢} Prom Wilsor {2}, weed for checking purposes.
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ropes in which tangency at the bottom cannot occur at any rope length. There
also are cases in which tangency theoretically could have been attained but only
at rope lengths exceeding the dynamic range of the amplifiers.)

The upper limit of tension was usually half the breaking strength of the rope in
question. * In some cases, however, the full breaking strength was introduced
at Node 1, The problem is so nonlinear that it was not feasible to pre-select
intermediate points. Instead, they were chosen by triai, so that the rope shapes
interpolated reasonably well between the iwo extremes.

ROPE FROPERTIES

Table 5 summarizes the constants d criptive of the various ropes. For the
elasticity of steel rope the data in United States Steel Wire Rope Handbookf1 8)
Section 20, were used. All cases are for ropes with stee! cores.** The Hand-
book apparently calculates the metallic area of the rope normal to the strand.
This is the area used in calculating the elasticity. The area given in the table

is the effective area normal to the rope, cbtained by dividing linear rope density

by the bulk density of steel.

The properties of fiberglass rope were obtained by measuring a sample of laid
fiberglass rope made by the Materials Section of the Sea Operations Department’
in mid-1964. {(Newer constructions are stronger.) The sample waé 0.312 inches
in diameter; properties for the 1/2-inch diameter were calcalated on the

assumption that strength and elasticity vary as the square of the diameter.

Properties of the synthetic-fiber ropes. except for elasticity, were taken from
standard tables and from the tables issued by Plymouth Cordage Co. for their
“Standard" rope constructions.

* Breaking strengths for 1/2-inch ropes taken as: steel, 20,000 1b: nylen,
7,200 1b; glass (GM DRL design), 32,300 1b.

** Wilsonu) apparently calculated for {iber-cored rope.

' GM Defense Research Laboratories, General Motors Corporation.
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ELASTICITY OF SYNTHETIC FIBERS

Elasticity in a synthetic fiber is a complex property which depends upon the unit
strain, the rate of stretching, the cyclic amplitude, the temperature, and perhaps
the pressure. Hysteresis is marked. Creep under moderate loads is considerable,
usually approaching a limit in several tens of minutes. Under high loadings the rope
may creep to destruction. Such behavior has been noted with polypropylene at

stresses above about half the breakirg stress.

Since dynamic elasticities were not available, some studies were made with the
Tinius Oisen testing machine at GM DRL. Standard nylon rope, 1/2-inch in
diameter, was pulled to 2 series of mean tensions and finally to destruction. In
two cases, the rope was cycled + 180 lb and + 400 lb about each mean tension
pulling at 1.2 inches/minute. In a third test the mean tension was maintained

at 2,000 Ib, and the rope was cycled + 140, + 280, + 560, and £+ 1,120 1b at
pulling rates increasing with amplitude. In some other tests, run with 9/16-inch

plaited nylon rope, the results were in essential agreement.

Figure 3 is a reproduction of the test record in which the cyclic loading was

+ 180 ib. At each cycling point there is at first a fairly rapid creep which at

last becomes slow enough that the shape of the loop may be considered reasonably
well stabilized. The dynamic spring constant was determined by measuring the
slope between the extreme points of a stabilized hysteresis loop. The resulting
spring constants are shown in Figure 4. They are evidently much greater

{stiffer spring) than those for slow unidirectional pulling.

Figure 5 is a tracing of the record made at various cyclic amplitudes, and

Figure 6 shows the resulting spring constant as a function of cyclic amplitude.

It was then assumed that the semi-log plot of Figure 6 could be moved parallel
te itself to produce similar plots for different mean tensions. These curves
were located by the already-determined relation between spring constant and
mean tensicn. The resulting diagram, augmented by lines of equal strain

variation, is shown in Figure 7.

18
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‘To determine the spring constant for a particular set of conditicns, the cyclic
strain variation throughout the rope was assumed to be both uniform and equal
tc 7-1/2 feet divided by the length of the rope. Using the mean tension at the
top of the rope, a spring constant was picked from the graph and used for all

the wave amplitudes of that run. The errors due to this procedure are relatively
small.

The hysteresis of nylon rope also was measured, and one set of values is pre-
sented in Table 6. At the higher values of cyclic tensjon, the hysteresis certainly
is significant. It was not feasible to introduce hysteresis into the problem directly,
but part of its effect was included by using the experimentally measured dynamic
spring constant; thus we would expect to get approximately correct values for

the maxiinum cyclic tensions. However, phase shifts and ¢nergy losses in the
rope might result in damping some of the resonances observed in our results.
Insofar as resonances modified the tensions, it may be expected that a failure

te imroduce hysteresis would canse some error, positive or negative.

WAVE EXCITATION

First to be discussed will be choices of wave periods and heights, then the manner

in which excitation was applied to the system.

The range of wave periods taken was from 2 to 32 seconds,* increasing by fac*ors
of two. Three wave heights were used, 5 feet, 15 feet, and 50 feet, peak to trough.
These encompass the conditions of interest. Since 2-second and 4-second periods
are unlikely to be associated with 50-foot waves and a 5-foot wave with a 32-second

period would be so mild as to be uninteresting, the following combinations were

seiected:
Period (sec) 2x= 4 8 16 32
(5) 5 5 5
Eeight (fi) 15 15 15 15
50 50 50

* It was recognized, of course, that there is very little energy in the 2-second and
32-second periods; these were s2lected merely to give outer reference points for
interpolation.

** The 5-foot amplitude at 2 seconds was infrequently measured, and when the 2-second
pericd could not be reached because of amplifier limiting, 3 seconds was substituted.
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Table €
HYSTERESIS IN HALF-INCH NYLON ROPE
(MEAN TENSION 2900C 1b)
Tension Hysteresis
Variation per cycle
(ib) (£t - 1b)
ft length
=140 0.12
= 280 0.52
=560 2.3
£ 1120 15.2
% 1400 29.7
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This study was restricted to buoys with a large buoyancy coefficient, since they
could be expected to sink only slightly with the increases in rope tension. Thus
it was possible to ignore inertial effects in the buoy, assuming that in the vertical

it rose and fell with the waves.

The horizontal component of motion was not so easily established. In one extreme
the buoy might move vertically up and down; in the other it might respond com-
pletely to wave particle motion and move in a circle. Neither is correct. Although
we could have simulated the true motion on the computer, we were already at the
practical iimits of complexity and felt it best to make a simplifying assumption.
Consequently, the excitation was introduced as an elliptical displacement with the

vertica! axis four times as great as the horizontal.

We now believe that the herizontal component of motion had very little effect on
the system, since its effects could not be detected with any certainty, even at
the first node below the buoy.

DIFFERENCES BETWEEN TEN-SEGMENT AND FOUR-SEGMENT

ROPE SHAPES

There is a difference in rope shape which results from the 4-segment simula-
tion. To obtain the rope shape for the 4-segment cases, corresponding 10-
segment rope shapes were plotted on a large scale and divided into four equai
lengths. Secants were then drawn between the five resultant nodal positions.

A body equivalent to 2-1/2current meters was simulated at each of the three
nodes in the rope span to retain similarity with the 10-segment simulations.
The length of the secant was taken to be equal to one-fourth of the total rope
length. This approximation is believed to be reasonzoly good in all cases in
which the rope has moderate curvature, a condition existing in all cases except
D and L . In Case D the secant nearest the bottom departed widely from the
10-segment curve. In Case L the departure was only about half as great as in
Case D, but it was at the top.
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The situation for Case D, illustrated in Figure 8, is of particular interest because
dynamic tensions were determined for both the 4-segment and the 10-segment
simulations. The dynamic tensions for the 4-segment case are much higher than
for the 10-segment case, because in the latter with its highly curved lower section
the motion of the buoy was mestly expended in lifting the bottom one or two segments
of rope, without much necessity for stretching the rope. In the 4-segment case, the
easily lifted arc of rope is absent, so that the concentrated lateral drag at Node 3
forces the rope to stretch, thereby developing high tensions. The discrepancy in
tension, a factor of 3 at the 50-ft wave height and 32-seconds period, decreases
with period and amplitude until there is scarcely any difference with 5-foot wave
heights.

Case L alsc would be expected to give dynamic tensions that are higher than they
would have been with the 10-segment rope shape. But the discrepancy should be
less by a factor of about 3, since the secant is only half as far from the 10-segment
shape and the rope is nylon in which 2 larger fraction of the mechanism already is

one of stretching the rope.

CHECKING

The static simulation was checked by duplicating two of Wilson's cases, using
his current structure and rope constants. * The total rope lengths and maximum
horizontal coordinates checked within 0.5 percent and the tensions at the bottoin

within 1.3 percent, which was regarded as satisfactory.

To check wie dynamic simulation, cne of Whicker's c.ases(3) was computed, using
two arbitrary values of longitudinal drag. (Whicker himself used no drag.) Our
results compared well with Whicker's in nonresonant conditions; but where
Whicker had forces approaching infinity due to resonance, our forces were

finite and the resonant {frequency decreased slightly with increasing damping,

as would be expected.

* pp. 166 and 170 of Reference 2, Vol. 2.
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11, RESULTS

STATIC sOLUTIONS

Analog Computer Gutput

Computer outputs in the static rope-shape simulation were read out automatically

on ar electric typewriter. The first of two sample pages, shown as Tables 7 and 8,
is the simulation of one of Wilson's cases referred to in Section II. Column headings,
printed in capitals because of machine limitations, have the following meanings:

N is the aumber of the node, counting downward from zero at the buoy; YSUB(N-1}-
YSUB(N) is the length of the projection on the y-axis of the rope segment between Nodes
n-1and n; XSUB(N) is the vertical coordinate of Node n and S SUB(N) is the length
of the roje segment between Nodes n-1 andn; T SIN THETA and T COS THETA
are the lorizontal and vertical components of the rope tension just above the
respective nodes. The numbers in these columns are expressed as a {our-digit
decimal followed by a scaling factor consisting of a multiplier and exponent of 10.
Thus 0. 2765/2E3 indicates that 0. 2765 must be multiplied by 2 x 10? The numbers
367, 12.88, etc., which are the numbers of the ampilifiers being read, may be
ignored for the purposes of this report. The page number entered in the lower

right corner is for identificaticn and reference.

Reduction of Analog Computer Resuits

All of the results from the original print-out were converted in the IBM 7040
digital computer to obtain the x and y coordinates of nodes, the accumulated
rope length measured from the anchor, the tension just above each node, and

Gn’ the angle from the vertical just above the node. These quantities are labelled
as barred or mean quantities in anticipation of their use later on as the rest
states for the dynamic studies. Sixty-five cases {Reference Page Numbers 3—-67)*

- Ty

are presented in Sectics Vi.

* The {irst two are check cases, not shown.
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DYNAMIC SOLUTIONS

Cases Studied

The twelve cases studied are summarized in Table 9. Lettered A through L,

these are identified also by the reference page number of the static solution

used for the rest state of the system. Steel and nylon ropes of 1/2-in, diameter

were studied in two tension conditions (one-half breaking strength and a relative';
slack condition} and three water depths. The tauter rope conditions were all taken
from cases in Current Profile 3, as were Cases F and L; all but these {wo of the less
taut conditions were taken from cases in Current Profile 2. Six of the twelve

cases were done with the 10-segment simulation and six with the 4-segment
simulation. The 4-segment simulation was necessary for steel rope in the

6, 000- and 1, 800-foot depths, and for nylon in the 1, 800-foot depth.

Analog Computer Qutputs

The analog computer outputs were in two forms: a strip-chart aad an x-y plot.
Tensions Ti , T,} ) T'10 , and some of the | and Vo1~ Yq quantities
were read out on two eight-channe! oscillographs, each channel * 20 millimeters
in width, full-scale. The portions of two separate records shown in Figure 9
include one of the noisiest, purposely chosen to give a feeling for the worst
conditions encountered. Only a small proportion of the records were as noisy

as this, though it will be noted that even here the true signal may be extracted

from the noise by rzading the middle of the densest portion of the trace.

The records of R and Ya-1"Yn served a diagnostic purpose, making it

easier to find the source of trouble in case of anomalous behavior of the computer.

Tensions were read visually from the strip charts. They are presented in Section VI.

where they also are plotted as a function of wave height on a log-log scale.
The cyclic motions of all nine active nodes, including the buoy, were plotted

successively by an 11 by 17-inch x-y plotter for each period/wave-neight

combination of each case (Figs. 10-15 are examples). The plots were read

32
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Table 9
SUMMARY OF DYNAMIC CASES STUDIED
Case Page Material Depth ASegments Iﬁ TensionTi Profile
(ft) (Ib)
A 6 Steel - 18,000 10 10, 000 3
B 4 Steel { 18,000 10 7, 634 2
C 38 Steel 6,000 4 10, 600 3
D 36 Steel 6,000 4 2,838 2
E 65 Steei ; 1,800 4 10, 000 3
F 67 Steel 1,800 4 4,858 3
G 23 Nylon | 18,000 10 3,600 3
H 21 Nvlon ; 18,000 10 460 2
1 55 Nylon | 6,000 1C 3,600 3
J 54 Nylon 6,600 10 720 2
K 62 Nylon 1,800 4 ! 3,300 3
L 64 Nylon 1,800 4 : 1, 440 3
— i
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visualiy, and the resuits are tabulated in Section VI, Motions of Modes, These
tables give the lengths of the major and minor axes of the quasi-elliptical motions
in feet. In addition, at each node they give the mean rope angle ‘o and the angle
of the major axis of the loop, both measured from the vertical. Toward the bottom
of the mooring line where the loups semetimes were more nearly circular, the

choice of major axis direction was subjective.

Each locp of the x-y plot has two phase marks, sometimes difficalt to discern,
consisting of small perturbations deliberately introduced inte the record when
the input ellipse was at its maximum at the top or its minimum at the bottom.
These muarks, identified when necessary and marked as 0° and 180° by referring
{o the scale on the resolver generating the input, cerved as reference marks

to measure the phase of the major axis of the loop. Positive phase angle was
indicated when the major axis cccurred later in time than the zero-degree phase
mark. We discovered later that the phases had been read incorrectly, and since

they are of minor importance, they were omittea.

There are no data on motior s of nodes for the 10--segment simuiation of Case D,
the case which prompted the decision to convert to a 4-segment simulation. The
dynamic tensions were recorded and tabulated, however, for both 10-segment

and 4-segment simulations.

Noise and Offsets

Noise in the system most likely arose from the wiper contacts of the resolvers.
These small noise sources probably were exciting the individual vibrating
systems formed by current :neter masses and the connecting rope segments.
Although this ncise was regarded as a nuisance in the idealized solution of the

problem, it possibly has some real significance. Noise sources equivalent to

the wiper noise must exist in a real mooring and must excite similar real behaviors.

— W
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An interesting behavior in some of the dynamic records, both strip-charts and
x-y plots, was the development of an offset {rom the original mean value. This
was quite troublesome when the cffset was too great to be overcone by the offset
controls on the recorders, making it necessary to record x-y plots in an unnatural
order or to reduce the gain on the strip-chart recorder with a consequent loss of
accuracy. This, too, is a phenomenon with probably some real basis, since the
mooring i$ a noniinear system and some rectification of cyclic displacements

and tensions would be expected.

42
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IV. DISCUSSION OF RESULTS

STATIC ROPE SHAPES AND TENSIONS

Accuracy

Neglecting, for the moment, the reduction of rope diameter with stretch, we
believe that the error in rope shape and tension is in the region of 2 perc i,
with the possibility of larger errors near the bottom where rope curvature is
occasionally quite sharp, This conclusion is prompted by the favorable compari-
sons with Wilson's results.‘zi Bear in mind that, except for the two check cases,
our ropes have current meters at the nodes and a simulated horizontal buoy

drag — hence, they cannot be compared directly to ropes not containing these.

Like Wilson, we have neglected the reduction in rope diameter with tension.
(Otherwise, each change of tension would have required a time-consuming
recomputation angd change of votentiometer settings.) This amounts to only one
or two percent in steel or glass rope but to much mere in nylon. In nylon the
elongation at half the breaking strength is about 42 percent, resuiting ina
reduction of rope diameter from 10 to 20 percent. (This is a behavior for which
we have no experimental data.) Hence, at high tensions the water drag would be
correspondingly reduced so that the rope would be straighter than calculated.
However, with a siightly larger rope that has been reduced to the nominal size

by stretching, the results would be directly applicable.

Adequacy of Method

Wilson's digital-computer solution(z) is relatively easy to carry out and probably
less expensive than the method used here. However, much of the thinking that
went into setting up the analog computer for the static case was introductory to
the dynamic case and thus doubly useful. In any further studies we would probavly

use digital methods to establish static rope shapes and tensions.
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Compariscn of Rope Shapes

To give some feeling for the peculiarities of different ropes, several rope shapes
in Current Profile 3 are presented in Figures 16 and 17 where ropes of different
materials and diameters are compared when the tension at the buoy is half the
breaking strength.

In 18, 000 feet of water tke less dense ropes, nylon and glass, form relatively
straight lines and the 1/2-inch nylon is carried out to 2 horizontal displacement
that is 3.7 times as great as the 2-inch nylun. This results from the fact that
the drag/strength ratio in vertical ropes is inversely proportional to the rope
diameters. The relation between rope diameter and horizontal displacement is
complex and it may be only a coincidence that the observed 3.7 is so close to
4.0. The obvious conclusion is that large buoys with mooring lines of large
diameter may be held closer te the anchor than small buoys.

The 1/2-inch steel rope, with its high density, shows a pronounced catenary and a
correspondingly substantial horizontal displacement comparable to that of the 1/2-
inch nylon. ¥ steel were to be compared with nylon at the same strength, we would
expect relative drag to increase in the steel rope as diameter is reduced, with
consequent larger displacements.

Glass rope yields the least displacement of all because of its high strength and
low density. However, as wili be apparent below, such short tethers with ropes
that have hignh spring constants will produce high transient tensions when the buoy
is lifted by waves.

In 6,000 feet of water the 1/2-inch steel rope shows much less displacement than
the 1/2-inch nylen, becan
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contains the highly curved iower
catenary. Drawn as tautly as in Figure 17, the steel, like the glass, will show
high transient tensions in waves.
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DYNAMIC DISPLACEMENTS AND TENSIONS

Accuracy

The results contain three types of errors: those inherent in the simulation, those
due to an incorrect choice of constants, and those caused by human error in read-
ing data from the charts.

The principal errors in the dynamic simulation itself arise from:

e deficiencies of the 4-segment simulation, or the less serious deficiencies
of the 10-segment simulaticn
approximations made in solving the equations of motion
inability to provide for all the effects of hysteresis in nylon rope

e the necessity of choosing a fixed value cf elasticity for nylon rope

Inadequacies of the 10-segment simulation are negligible comparad to the other

errors.

We lack a good estimate of the error due to converting to the 4-segment simuia-
tion; and the only comparison we have between thé 4- and the 10-segment
simulations is for Case D, which unfortunately is the one in which there should

be by far the greatest error. In spite of the likelihood of conclusions that are too
pessimistic, we compare tensions in the two simulations, plotted as a function of
wave period (Figs. 18 and 19). The two compare well in some regions and pocrly
in others. The gereral tendency for this particular 4-segment simulaticn to show
higher tensions than the 10-segment simulation was accounted for in Section 1I.
Tke two simulations should becorae more nearly the same at shorter wave periods,
because the resulting higher drag and inertia in the mcoring would induce stretching
rather than lifting. The curves do agree, tc some extent, at short periods; but
the tensions at Node 1 in the 4-segment case deviate sharply downward near the
3-seconds period. Since a bit of the same phenomenon shows in the 10-segment
data, we suspect a mechanism that exaggerates the response at this period in

the simpler simulation.

47




e s
144+ - b b L e S e e T e iy DEses Ioe et sR RSt EES LI RRSEE R RRLS
37 saydediiss e o-g—ofuiw (S SRS BG5S SOU S 29044 sdrididyosidrriofrrdofrrrediotifirreloriefeccs
+ v4 P N N L LA LTI PE RS SR 1A R R S OO0y RO N DRDOY S INSE BN paoe MBS = Shde

eecess 2 S Lt L et A e R L IS R D Rl Pt LRt L IO PP ISR DS 01 M2t Lhony fass:
H
i " ¥ SR UE SRS PORDS SOSRY PSS
vireddy ovid] H2o oo faemejrovrfrerefstey
yily po BE008 SOUSS bERE] S RAS 3 DR
Y 3 wes Biaardensafrizidaiad
S Roes SN THE 4-SEGMENT AND
300 eraghy 2413 - iyt bosradeys,
-4 + 'i > EETT] rhedfidrnfeisd
e 10-SEGM R A
o W - B
S rgest aen) T I'NT SIMULATIONS
REon pgE oy pOOs) Spbe: Bl b PASES S 54
+= 1 v posten 143
{3+ 134343 X C [ESTY JERS S By A
- 7 ASE: I’ tyrefritefrver
(S RARSS D524 D4 1)
i P IR 2
. [PEYs e
15-ft WAVES 42 S EEeE
-4 + ¥ »
3 e 13
10 1 7
- 3,4t 30531957
e tfrrriferee
i ® 10-SEGMENT el
P2 POGEE PEBE SAGS
- auly a [ FEErs brwgd o
: 4-SEGMENT, NODE 1 i
1 S D pESSSRS POSES 2004
e 5 P
3 yoead . M I
- T ANCHOR
v freer e
» >y B Dt b a ks LI DR DI LTV T OO YUUS potus (Nraay e
4 < + vt efrieetd ot grrerfor-decrrfearofrorofanr-{ians
Fostlatvofatants B SHOGE PMUE PRGGE RHGEY e
r > . [SO02 LIRTN PRoes PRRtS po 41 RUQRS DOt odrd MESSE FRIPS SEOH1E
- rririyritd er-i vt Rt toias &1 svedeeptbgsncfossnlantsfessaionss
T : 3 % : Tefomwrrferreirresfienvioscs
b 4t - - - -
588 RSl 35 B LSAES SOS00 BEDE S hal a_sbfsensparvetosastias - ot e ey
+ v +t-fte ¢td v 9voty ~ewfor iafinirfescn 3ad iibe
£Y is v Tee o1 DRESE Maaas hahes Pods poves
. 3 T R E I e R o
3 bsndestesrpedsnsafitosfoioedaios e
+ + vovp vor oo sagavwrfenesfonrafens ndsangiias
3 At} creid e T [ESSS SR 00d bads bt DT T PP S
FYos by oy 3z
-t +
++ + v Coeedenrafar Amres —
144 + ebas batns Liens baalk I DRsOI LTI PODSY "
S R N BSREE MARSE S5 [E2aR0S DRt Rl Sabtk Mros PSS NESs S MR PRI SO PREES PROS]
Fr it & SR NGH Sy BOAne [RASe Yehitd Spiig eiing PRps RpSen Vil
" -1 - PESEPRPTY fruby Pousy S Ve - —
¥ [ET3 2TRTY PRODE RERRE PRODE SEPIY FIROY S ASEE SOEPY pEEE
- 4+ ety foae wfes—afrrectrvrefesecgsorefertelatnsftocsdmus [ooe.
e + e < . T P28 SE00G Siibis phiitghibivde) POSDE SRSSE Riting SyE
- =
) by v - PUPRIY UMY SOPES SUREIN SERPEY 31y 33 bs b hs e . ——
i, 4 - o oy 128 sl Inend LASEE ALEET LEOS? PORES PEPed POPRE Pney PRS2 DOnpDe Nine
144 . o - + e-fcrogr vrfoav tvavefevrodovsofovorfronadososfoiesfrninfan
23 134 waordeacrgziosden sdsmse [ MRS Sl P be pPPE Proe1
. s wey 5 1 b T
- So B o B 3+ p + wrof weetoevedece fotasfaacadas s [y Sug
ko8 nosl 439-=f4n P s D P22 ppoe PESRS SHEP Mg PRDGE
I * CE - - PROPS SHORY IOV FPRGE
2 ~ - BS 3 2 PREPY S - - - s i iy
origated >
P s ta St obod oo nn frags [P FUene B8 2oy Y Gipang BEYAGNE Mehns PROSE SOREE SSPSY
[ rere g feticdorriflend | cevs Ity B N Preee v - M e = cevnfesen
334 8 e il et hha B 253 DrXXtPISIIIICIr Dhane Foeny mpad b dee > S Paibeng venw
o 1est =4 1 avang — v grerigeevedeeradeoanossedis o
4 + . 3 3
Y (S afaks sxbay e > i@ bt - sstuguesafosscfe sofed pee
Hrere v Sred rie 1 g e POPUE Peeen Mg Nainig Y vy ctv | reergevanfernefraee]oavedsnarede proas
= < Mg ¥ ¥ by Y04 PR poe [ L e F03 Mg POOPEAIgps Pey Sbaad
m A 3 t3 S PtpSabb Ol St G i
frsrdveagd srrdery e i e aeeriiosaiannisecaleis
o RS R e vsin poee: % .~ cofie wiomeaferantesswdrnitdoess
3 e -t k -y e . - M PGPSR S —b ~ee
goadds. > Lé 2 * Ty - + o ad e ot —— EX SR
- —
ritiy - g - dee iderdodiita Y oL [Preteepey anedrose
z 3T H
5 33- > > - iivg? e e frre DRSO Pty Pibgsget gy
e 434 * ryewe i
- - — - -
= -4 < )
T —~— bt
z v ead toe e 2 0d -t § s an dadbad
¥ E 34 meinaes
peds- z | T pae S-S
AX
1
Rl o h % 85 -
e = HOR :
Fi it v -
+- zz x5 3 s Tt o
o Cevdee = Te fa
15351 o S g
) X ]
L = . -
e ve vp E-( pepe i o
- . oy o e
<l 4
+ LSS 2p peineig
< -
r paow
gis s e NOD
= E 1
Foe
taei PR P
—a
eiremvfrraedna
- - $dew refy covforarf pvavd
3= ea - fooes
»
Jrmgbe -
OO AR e ond sttt botel LEost LEvre prons paves
P PRREY £ gy 2 . Pypoe gou - idieesdwesadonen
PROPE fupd SRS Seet .r e e —pIier Pt Skt
4 s PRSIt et PREE HAOSE ook . 3 i
- Py Sebeind o4 2 -4
ronydindereinesroiilie om G4 i : iebaenn
- SRPS MIEY PUnpiy By wfeee JITTIPTNRIT s
3 51 s e - p avveviv DRY SSHES hiinid
~ : pors ¢ < sedeovvfrestlnocidrinsiana
- it - - e - - .- ——
+ . T < + P3P B Dinbbn
. X . 3 ey 3 [ SR o84
s pgt . E SIS I SPTES LRUNS FIpuy SO SOEEN St S hid - RSN PET RS SEERt LS SEeT:
- -ad ——t e i + — PP S reod PG U FaN IjiiiTeiil Teaes
POy .y Krmsnfoesed IS gnes »esed =
T FERS e o : e R L 1 S AT R
-t ot it + b 3 - »rmi TR P PPOuDY PN -
Y Ciiazalt
- b ——
- ——— - .- ad-- = :g--{x-;x
- - NP DO Q. PO ar-3 an
v PES My o eed. + § -lagoas POpR- S b
P § [N P PPDE S
PPPS FOIY PR Supiun R teg t-ve~ses
< eedesinge sufavankeann S Spa P
ialfennegrianfraccdanon S PO Al
sesrfernifeie-tecenfirecda scgrorads o - ooIiTIIL
“mirgss-28 sdiduacrduos hmmmnfr 2 fuwom LRGP
snenbarinfe sefescafovs-duna-focaidiaca EEEES Py
r1dswerfersevorecfe scfoesaf-cosdocas PSS Spabd
g asueme xR .,- e perae-y
PRV A .,3 .,} St Y
I ..,, A - B
: e i” ~en R
T M B PERIOD( ec) Lo
- el g . S pov] 3 DS S
e S r.x‘.., RS SRAGE SaRg EPRS e ———

Figure 18




T TR AT pE e TenLE R PR L Y S
Ba . - . PR T — e o a L memt e T m = m Lmn e mee e T - ST TEICEEREMRESSTL L
- T e s - - = - S

GM DEFENSE RESEARCH LABORATORIES @ GENTERAL MOTORS CORPORATION

: 1 TR65-79

S e e I e i
Z=|COMPARISON OF TENSIONS St s e 3
ZZ3IN THE 4-3EGMENT AND B S i =]
j—ém-SEGMENTSIMULAnONS B S S e et e e
ZHICASE D SEEEE e e e e e e

: =55 ft WAVES B S e
5@ 10-SEGMENT, NODE 1  Eaisfoeratminss B e e e
Z51@ 10-SEGMENT AT ANCHOR S rap i ol e e

. 250 4-SEGMENT, NODE 1 St e e et e e o o P
=5 W 4-SEGMENT AT ANCHOR st e i

k - 71I : o “?ﬁ :-“ : ———h b ‘-‘:4
=—fF =

L --—-m" X~ “: e —

[ Y= = 235 = = I ==
g e v 4 10-SEGMENT AT NODE 1]

l HSEg S SRS s SEGMENTY. -/ -

) H A=Es = 2 R e R I AT ANCHORZE. .
"tﬂ TN Tt e T [T g 00t rase] Slwws sl ke by bbbt RES TSt

. =B S - : 2503 SEGMENT AT NODE 1E

L = =3 : = : e P S L e o :

.~ = :

? “ ¥

¥

& : pars Soses Syees:

IPERIOD (sec)

A

Figure 19

)
o

Lt
s

¢

49




GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

TRE0-T9

The explanation is as follows: Pronounced near-resonance phenomena of which
this must be an example, should occur only in ropes that are long enough or at
periods that are short enough to make the rope length nearly an integral number
of quarter-wavelengths for the travel of a longitudinal elastic wave through the
rope. In 1/2-inch steel rope, the velocity of an undamped longitudinal wave is
10, 350 ft/sec. When the rope length is 6,580 feet, as in Case D, the buoy would
first become a standing-wave node, with a consequent maximum decrease in
tension, at a period of (4)(6580)/10, 350 = 2.54 sec. Because of damping, the
period is actually longer. f.e conclusion must be that the four-segment rope
with its lesser curvature i ; stretching more at short periods, as well as at long
periods — hence the exaggeration of phenomena associated with stretching. At
the anchor, where the phase difference is only about a quarter-wavelength,

the agreement at short periods is good.

We admit that as a measure of accuracy it would be more satisfying to bring
forward two cases which should act the same. But without any cther duplications,
we must be satisfied with the argument given above. Although there is little
basis for a quantitative estimate of error, we suggest that the error due to using
a four-segmant simulation is less than a factor of 1.3, or 1,/1.3, in all instances
except Cases D and L.

As mentioned in the Appendix, the approximations made in simplifying the
perturbation equations produced significant error in two cases,* both steel

rope in 1, 800 feet of water, at 50- and 25-foot wave heights. In these, the errors
in the matrix quantity Kn were a negative 34 and 24 percent. In all other cases

the errors in Kn were less than 20 percent. Tension error will not be so large,
since tension iu not directly proportional to Kn ; consequently, we may expect

the recorded tensions to be a little low in the more extreme cases (steel rope,

short length, large waves).

*Cases Eand F.
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The effects of neglecting hysteresis in nylon are difficult to estimate. As pointed
out, a dynamic spring constant that is different from the slope of the slowly
developed stress-strain curve is one of the effects of hysteresis. By using a
dynamic spring constant, we have partiaily provided for hysteresis. But the
necessity of using a mean value of the constant has resulted in a spring that is
too resilient at the higher wave heights, so that the observed tensions in nylon
are too low at the 50-foot wave heights; and, conversely, they are toc high at
the 5-icot wave heights.

The energy loss due to the hysteresis loop is a significant factor, one far
greater than longitudinal drag near the bottom of the rope (where dynamic drag
effects are small). We would expect, therefore, that in nature there will be
more attenuation of the longitudinal elastic wave, lower tensions at the anchor,
and shifted and reduced resonance effects.

The use of the nominal rope diameter instead of the stretched diameter fortunately
produced little »rror. It was estimated earlier that at 3,600 Ib mean tension the
diameter of the rope will decrease 10—-20 percent. The assumption of a fixed
nominal diameter causes the rope to show, incorrectly, a larger lateral drag
which reduces the tendency of the rope to straighten out when puiled and forces
more motion into the stretching mode. However, since a substantial proportion

of the wave motion already is acting in the stretching mode (because lateral

drag is fairly high in nylon in comparison to the elastic iorces) little error

need be expected. *

Human errors are confined mainly to reading charts. The probable errors from
misreading the strip charts are limited to + 15 percert. Dimensions of the nodal
ellipses generally could be read to within ore-fourth of a small division, or

0. 925 foot for 5-foot waves, 0.05 foot for 15-foot waves and 0.25 foot for 5C¢-foot

waves.

* It must be pointed out that since the static rope shapes are somewhat in error for
the same reason, the dynamic simulation was applied to rope shapes that do not
correspond exactly to the assumed current-wind conditions.
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Displuacements of Nodes

The displacements of nodes are generally in quasi-elliptical loops, decreasing

in size from top to bottom. In taut ropes that are relatively straight, the motion
tends to be nearly longitudinal, along the rope, with very little lateral motion,
especiaily at the shorter periods. (As has been explained, more motion gans into
the longitudinal stretching mode at short periods.) In the sharply curved catenaries.
the loops open up into almoest rectangular shapes near the bottom oi the rope
because of the large proporticr of lifting and the change of curvature taking place

in this region. Because they are more curved than nylon ropes, steel ropes give
more open loops.

The Effect of Displacements on Current Meters

It is difficult to make a simple general statement about current meter errors from
these complex results. Let us exclude from consideration the steel ropes. which
have large curvatures anl excessive nodal movement, and examine the nyion

moorings, which show the smallest motions.

As an average condition, consider ropes oscillating at a 16-second period in
15-foct waves. In Cases G, H, I, und J, the length of the minor axis is relatively
constant at all depths, averaging slightly greater than 0.3 ft. (Cases K and L,
which show much more displacement, are left to be mentioned later.) We shali
ignore momentarily the effect of axial motion on the meter; and to come 2 little
cioser to reality we shail change the period to cne more probabdle in the sea and
assume that these same cisplacements would occur at a 12-second period. Then,
in still water a current meter which cannot distinguish positive water motion from
negative would be exposed to cumulative apparent water motion of (0.3) (2),12 or
0. 05 fi/sec. In moving water at speeds zreater than 0.05 ft/sec, the mean error
would disappear if the speed sensor were ideal. However, it is well known that

rotors tend to over-register in fluctuating flow, so scme effect always would remain.

The effect on current meter sensors of motion normal to the sensitive axis of the

speed sensot* is not well known. Gaul(m) showed that Savonius rotors ran

* We call this "axial motion" for want of a more rigorous ter n..
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significantly slower when oscillated axially only one or two feet. Gaul ran no
tests in still water where it is likely that spurious rotor turns would have been
produced by the turbulence around the meter. Had he tested bucket wheels and
propellers, he would have found marked increases in apparent velocity (see
Paquette, Ref. 20).

Probably more important than pure axial maotion is axia! motion combined with
a slight dynamic tilting of the current meter, a not improbable behavior of a
long massive body on a disturbed rope. This kind of behavior would cause
additional errors in apparent speed that would be largest near the surface.

Cases K and L have been ignored until now because our results indicate that
simpie moorings in such shaliow waier in the open sea are undesirable from the
point of view of both nodal motion and dynamic tensions. It is sufficient to note
that the lateral motion is nearly seven times greater than in moorings in deeper

water.

We believe that near wave frequency an erroneous apparent speed vector of
0.05 ft/sec (1.5 cm/sec) is smaller than that observed in practice. We must,
therefore, conclude that axial motion comb’ned with dyramic tilting of the
meter is responsible for as much or more error than that caused by lateral

motion.

We wish to avoid leaving the uninitiated with an impression that we have now
expressed the principal sources of current meter error. We have studied only
these errors which can be ascribed directly to the action of waves on a buoy at
the surface. The sources of what has been called "mooring noise'" are numerous
and serious. The simple fact that rope is flexible and that it may yield locally or
in toto to turbulent forces of all time scales and from any direction leads to a
spectrum of velocity errors that are beyond the scope of this report.
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V. CONCLUSIONS

For a system consisting of a buoy excited by ocean waves and anchored to the
bottom by a simple mooring, we make the following conclusions:

1. All points in the mooring rope undergo quasi-elliptical moticn, with
the loops usually elongated approximately along the rope direction.

2. The motion is probably large enough to account for the errors
observed at wave frequency in moored current meters if motion
along the rope direction can be assumed to contribute some error.

3. Fairly taut, resilient ropes of low density, like nylon, produce the
least lateral motion and probabiy the smallest current meter errors
if depths significantly less than 6, 000 feet are avoided.

4. Dynamic tensions are moderate in long ropes and those huffered by
resilience or © n well developed catenary. In taut, only slightly
curved ropes zel, dynamic tensions can rise to dangerous vaiues
in storms; this can happen even in moderate weather if the ropes
are as short as about 1, 800 feet. Resilient, synthetic fiber ropes
develop much iower dynamic tensions, even when the ratio of dynamic
tension to breaking strength is considered.

5. Resonances develop in the ropes, but tensions due to them are small
compared to those generated by the more direct mechanisms. {Exceptions
occur in moderately short ropes, but only at the short resciant periods
where there is littie wave energy.)
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CABLE CONFIGURATIONS AND TENSIONS

CABLL MATIRIAL STLLL CABLL wlaMtTee 2.5 IV
CURRENT PROFILE 2 OCEAN DFP I 130CO FFET
¥ SUstl) 10000 L3S PAGE 3
X SUB{N) ¥ SuUd(N) CABLE MEAN THETA Sus (N)
BAR bAR LENGTH TENSION HAR

v FLCY FEET FEET LBy NEGREES

2 ¢ 829 18033 10052 1.2

1 300 823 17734 5992 1.2

2 1500 194 16533 9664 l.6

3 30C0 756 15038 9092 o4

4 6600 679 12032 2163 bat

5 900 564 9023 6976 2.0

5 1200C 450 6G15 3663 2e0

f 12CnC 269 2995 L4kY 3.3

3 1656¢ 173 1511 3539 4.2

3 17740 41 302 29361 5.¢

10 FRAVDTH -0 -C 2634 6ol
ANCHOR 2572 Gat
CABLE MATERIAL STEEL CABLE DIAMETER 1,5 [N
CURRENT PROFILE 2 OCEAN NEPTH 18LNY FEET
T SUB(l) 7634 LBS PAGE 4

X SUBIN) ¥ Sue(n) CanLE PEAN THETA SUS(N)
BAR GAR LENGTH TENSTON Far

N FECT FEET FEET LBS NEGREFS

J C 2210 18505 7682 1.5

) 336 2263 18205 7628 1.5

2 1590 2223 17004 727 e

3 3058 2111 15511 6729 l.9

4 6010 2264 12502 5en¢ 2.2

5 9090 1893 9485 4566 3.C

5 1,000 1684 LabéH 3330 4.5

7 15090 1299 3417 2094 fo1

] 16500 1036 1919 17 12.8

9 17700 952 629 613 2l.1

13 15000 -0 -{Q 310 b4.4
ANCHDR 274 H9,.2
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g ;i CABLE CONFIGURATIONS AND TENSIONS
' I CABLE MATERIAL STEEL CABLE DIAMLTIR 0.5 IN
CURRENT PROFILE 3 UCEAN DESTH 1R0CO FEET
7 SUB(1) 20000 LBS PAGE S
' ' X SUB(N) Y SUB(N}  CABLE MEAN  THETA SUS(N)
BAR BAR LENGTH  TENSIDN BAR
N FEST FEET FEET LBS DEGREES
I I o) ¢ 3142 18339 20059 2.1
1 300 3131 18739 19984 2.0
' ' 2 1500 3010 16831 19539 5.8
3 3000 2788 1532¢ 19063 8.4
l .I 4 6000 2323 12262 18134 9.1
5 9000 1808 9197 16891 9.6
' .' 6 12000 1258 6128 15649 155
7 15000 654 3049 14410 11.4
l .l 8 16590 144 1537 13484 12.2
9 17770 71 308 12916 12.3
I ' 1 18060 -0 -C 12589 13.1
l ANCHOR 12527 13.2
|
' CABLE MATERIAL STEEL CABLE DIAMETER o.5 IN
CURRENT PROFILE 3 OCEsN DEPTH 18000 FEET
' l T SUB(1) 10000 LBS PAGE 6
X SUBIN) Y SUBIN}  CABLE MEAN  THETA SURIN)
' ' BAR BAR LENGTH  TENSION BAR
N FEET FEET FEET LBS DEGREES
0 6 12732 23315 10210 4.0
I f' 1 300 12711 23013 16129 4.0
2 1500 12468 21789 9754 11.5
' l 3 3000 12003 20215 9193 17.1
. 6000 10950 17052 8268 9.5
' ] 5 9000 2674 13797 7647 23.2
6 12000 8040 10287 5824 28.5
I ' ‘ 7 15000 5769 6624 4580 7.4
B 15500 4053 4364 3671 49.2
I ! 9 17700 1725 1745 3127 63.5
10 18003 -0 ~0 2823 79.9

I ] ANCHOR 2785 a7.0 57
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CABLE CONFIGURATIONS AND FENSIONS

CABLE MATERIAL GLASS CABLE DIAMETER 0.5 IN
CURRENT PRGFILE 3 OCEAN CLPTH 18000 FECT
T SUB{1) 16150 L8S PAGE 7
X SUSIN) Y SUBIN)  CABLE MLAN THETA SUB(N)
BAR 8AR LENGTH  TENSION BAR

N FEET FEET FEET LBS NEGREES

0 ) 3240 18366 16174 2.4

i 300 3228 18066 16151 2.5

2 1500 3078 16856 1604 3 7.0

3 3000 2615 15335 15927 9.9

4 6000 2282 12263 15750 10,4

5 9000 1733 9190 15518 17.4

6 12000 1172 6118 15286 10.6

7 15000 539 3042 15054 10.7

8 16500 393 1527 14876 15.9

9 17760 60 305 14763 11.2

10 14000 -0 -9 14677 11.2
ANCHOR 16666 11.1
CABLE MATER!IAL GLASS CABLE DIAMETER (.5 1IN
CURRENT PROFILE 3 CEAN DEPTH 18000 FEET
T Sus(l) 075 LBS PAGE A

X SUB(NY Y SUB(N)  CAALE ME AN THETA SUB{it}
BAR BAR LENGTH  TENSINN BAR

N FELT FEET FEET LBS DESREES

0 0 6945 19288 8135 4.8

i 300 6919 13386 Bl104 5.C

2 1500 6620 17749 7972 13.9

3 3009 6077 16150 78¢1 19.8

% 6060 4967 12961 7691 20.7

5 9009 3892 9750 7467 2t.4

6 12000 2587 6519 7247 22.2

7 15000 1326 3266 7009 22,8

8 16500 663 1636 8635 23.6

9 17700 136 329 6711 23.9

10 18000 -0 -0 6645 24.4

58 ANCHOR 6627 2«.3
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CABLE MATCRIAL GLASS
CURRENT PROFILE 3

CABLE DIAMETER (.5 IN
OCEAN DLPTH 18500 FEET

. ——

am——— b

Y G e e e e

L

T sSusll) 4845 LBS PAGE 9
X SUBIN} ¥ SuB(N) CABLE MEAN THCTA SUKB(N?
BAR BAR LENGTH TENSION BAR
N FEET FEET FEET LBS DEGREES
) 0 14147 230580 4831 8.2
1 300 14103 22747 4845 3.3
2 1500 13600 21647 5694 22.9
3 3000 12644 19676 4601 32.6
4 6000 10578 16054 4437 34.6
5 3000 8323 12302 4212 36.7
5 12000 5830 8381 29938 3%9.4
7 15000 3100 4313 3774 42.3
8 16500 1596 2189 3623 45,0
9 17700 332 468 3487 46.7
10 18000 -0 -0 3433 4R, 2
ANCHOR 34C0 48.1

CABLE MATERIAL GLASS
CURRENT PRDFILE 3

T SUB(l) 3910 L8S
X SUS(N) Y SUBtN)
BAR BAR

N FEET FEET

0 ke 22846

1 300 22793

2 1500 22162

3 3000 20909

“ 6000 18149

5 9000 14976

5 120090 11315
-T_ 15000 6710

8 16500 3761

9 17706 £54
10 18000 -0
ANCHOR

CABLE
LENGTH
FEEY
29616
29312
27957
26025
21938
17584

12839

13%2

4042

CABLE DLIAMEYER G5 IN
OCEAN DEPTH 18000 FEET

PAGE

MEAN

TENSION

LBS

3970
3906
3743
3657
3495
3259
3057
2822
2690
2589
2532
2506

ITHETA SUB(N)

BAR
DEGREES

10.2
10.1
28.0
39.9
42.9
46.4%4
S51.1
56.17
63.1
¢8.0
Tl.4

12.0
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CABLE CONFIGURATIONS AND TFNSIONS

CABLE MATERIAL GLASS CABLE DIAMcTER £.5 IN
CURRENT PROFILE & OCEAN DEPIH 1B0OU FEET
T SUB(1) 16150 LBS PAGE 11
X SUBINY Y SUBIN)  CABLE ME AN THETA SU4 ()
BAR HAR LENGTH  TCNSION BAR

N FEET FEET FEET LBS DEGREE S

0 0 5365 18706 16206 8.9

1 300 5318 18403 16150 Be9

2 1500 5036 17170 16047 12,4

3 3000 4599 15606 15926 1642

4 6900 3713 12484 15760 16.7

5 9000 2810 9361 15520 16.9

6 12000 1896 6239 15291 17.2

7 15000 965 3112 15C71 17.4

8 16500 485 1573 14866 17.7

9 17760 97 315 14784 16. G

10 18000 -0 - 14698 1k.C
ANCHOR 14679 17.9
CABLE MATERIAL GLASS CABLE DIAMCTER 3.5 1%
CURRENT PROFILE & OCEAN GEPTH 180CC FFET
T SUB(1} 8075 LBS PAGE 12

X SUB(N) ¥ SUB{N)  CABLE MEAN THETA SUs (M)
BAR BAR LENGTH  TENSION BAR

N FEET FEET FEET LAS DEGREES

3 o 12532 21907 8161 17.7

1 300 12635 21592 8070 17.9

2 1500 11837 20256 1947 25.5

3 3000 10896 18493 7866 32.2

4 6000 8921 14935 1670 33.2

5 9000 6842 11308 7469 34.6

6 12000 4663 7611 7242 35.8

7 15000 2389 3845 7009 37.2

8 16500 1204 1923 6863 8.4

9 17700 248 391 6729 39.1

19 18000 -0 __ -9 5656 39.6

80 ANCHOR 6636 39.6
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I T SULEL) Y444 L8S
X SUBIHN] Y SuB(N)
CAR CAR

T N FEET FEET
E

5 o 25520
I 1 30C 25368

2 1520 24428
ap
A 3 3600 22873
. 4 6000 19513
§I s a0OC 15738
) 6 12000 11474
I 7 15000 6470

8 14590 3434
é% 9 17790 731

19 18000 -0
;r ANGCHOR
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CA4ALE CONFIGURPATIONS AND

CARLE MATLRIAL 6LASS
CURKE 1T PRUFILE o
1) 646G LRBS

I SuUut

X SU%(N) ¥ SUB{N)

£

9

12

ANCHOR

Bax
FEFY

0

300
1500
36n0
6090
3010
12C¢ac
15000
1650¢
17700

1400C

bBAR
FECT

17587
17662
16699
156454
12654
10234
6363
3639
1879
3en

-2

CABLE NMATERIAL GLASS
CURKLNT PRUFILE 4

CARLF
LENGTH
FEET
25242
24918
23492
2155C
17555
13437
915G

4679

CABLE
LENGTH
FFET
31439
31104
239580
27430
22345
1812v

12899

FENS [ORY

CABLE

PAGE

ME AN

Ofakt TER Q.5 IN
UCFAN L:EPTHh 1HGDY FEETY

13

TLNSTNN

LBS

6561
6a4v6
6332
L2330
onTt
5844
56273
5393
5266
5134
5065

5052

CARLE

PAGE

MEAN

THE 1A SUd (N)

RAR
NESPEES

27.1

Sta2

5¢45

52.()

DIAMLTIRN 0.5 IN
OQCFAN DEPIn LROCD FEET

14

TENSTON

LRS
5565
5447
5324
5224
5079
4840
4637
4403
«277

4173

THETA Sugs ()

BAR
DEGREES

26.0
2b.7
38,2
46.¢
48. 4
51.3
55.0
59.1
63.3
6642
o8.2

68.5

61
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CABLE COWNFIGURATINNS AND TTNSTONS

CABLE MATERIAL GLASS CABLE DIAMLTERY 2.5 [N
CURRENT PROFILE S UCEAN DEPIH 1820y FEET
T Susltlj 161SC LS PAGE 19
£ SUR(N) Y SUH(w) CARLE ME AN THETA SUL (N}
BAR paR LEAGTH TENST On Ak

N FLLT PELT Fell LBS DELPELS

¢ o 15686 2395¢ 16282 32,7

1 360 15490 23591 16165 33.1

2 180C 14582 221091 16064 3649

3 3I0n0 1334y 27146 158987 39.6

4 6GN0 10219 16196 157092 39.#

5 9000 d216 127291 18885 LRGN

6 1202¢C SR4E #1713 15324 41.6

7 15220 2ula 41n9 152248 42.9

8 1653C 1624 2069 15659 43,5

9 11720 283 413 14778 43.?

10 18000 -{ -C 14776 43.8
ANCHOR 14759 43.¢8
CABLT MATERJAL GLASS CABLE DIAMITER 5.5 IN
CURRLIT PROFILE S CCEAN DEPTH L6020 FioT
T sut(l) 1292C LdS PAGE 16

K SUB{N) ¥ SUBIN} CABLL MCAN THITA Stn(H)
BAR BAR LENGT#H TENSION BAR

N FEERT FLeT FFET LARS NEGRELS

J Qe 23321 29934 13051 L2.3

1 300 23643 238209 12941 42.7

4 1590 22358 277171 172842 4h.9

3 3000 20581 25443 127¢4 50,0

4 6000 168389 204683 12517 ST.E

5 2000 13004 15776 12406 52.9

6 12000 8925 10709 12155 53.7

7 15000 4606 5456 11959 $5.2

8 16500 23%6 2782 11700 56,2

9 17700 473 560 11411 57.0

10 18006 -0 -0 115796 57.7

ez ANCHOR 11579 571.7
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CABLE CONFICURATINNS AND TENSIONS

CABLE MATERIAL GLASG CABLE DIAMLTER 0.5 IV
CURRENT PROFILE 5 OCEAN DFPTH 1BCOO FEET
T SUB(L) 11652 LBS PAGE 17
X SUB{N} Y SUBIN)  CABLE MEAN THETA SUn (N)
HAR BAR LENGTH  TENSION HAR
N FEST FECT FEET LBS DEGRLE S
0 ¢ 31828 36569 11779 48,0
1 300 31487 36115 11674 44,5
2 1500 29902 34128 11583 52.8
3 3000 27683 31472 116486 56.9
“ 6000 23032 25942 11362 57.5
5 9000 18G14 20105 11149 59,2
6 12000 12611 13911 10919 6l.1
7 15000 6667 7295 10669 63.2
8 16500 3431 3739 10558 65.1
9 17760 702 763 16475 66.4
10 18000 -C -0 10377 67.1
ANCHOR 12356 67.2
CABLE MATERIAL NYLON CARLE DIAMETER 7,5 IN
CURRENT PROFILE 2 DCLEAN DEPTH 18000 FEET
T SUB(L} 3600 LBS PAGE 18
X SUB(N) Y SUB(N)  CABLE MCAN THETA SUB(N)
BAR BAR LENGTH  TENSION BAR
N FEET FEET FEET LAS DEGREES
0 0 488 17992 1596 1.1
1 300 482 17692 3594 1.2
2 1500 456 16492 3563 1.4
3 3000 423 14998 3525 1.6
4 6000 353 11991 3477 1.6
] 9000 274 8984 3430 2.0
6 12000 188 5980 3382 2.0
N .1 _ 15000 98 2971 3328 2.1
8 16500 50 1501 3260 2.4
9 17790 16 300 3243 2.5
10 18000 -6 -0 3209 2.¢
ANCHOR 3204 2.5 é3
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CAB'.E CONFIGURATIONS AND TENSIONS

CABLL MATERIAL WNYLON CAALE DIAMETER 0.5 IN
CURRENT PROFILE 2 UCEAN DEPTH 18000 FEET
T SUB(1) 2160 LuS PAGE 19
X SUB(N) Y SUB(N, CABLE MEAN THETA SUS (N)
BAR BAR LENGTH  TENSION BAR

N FEET FEET FEET LBS DEGRELS

0 0 1018 18057 2161 1.8

1 200 1009 17757 2159 1.8

2 1500 956 16554 2125 2.5

3 3000 HH7 15958 ze86 2.5

4 6000 734 12043 2040 2.8

5 9000 569 9027 1994 2.9

6 12000 390 6011 1943 3.5

7 15000 202 2991 1891 3.6

8 16500 102 1506 1835 4.4

9 17700 20 301 1809 4.4

10 18000 -0 -¢ 1773 4.5
ANCHUR 1769 4.5

CABLE MATERIAL NYLON CABLE DIAMETER 0.5 IN
CURRENT PROFILE 2 OCEAN DEPTH 18000 FEET
T SuUs(1) 720 L8S PAGE 20

X SUBIN) Y SUBIN)  CABLE MEAN THETA SUB(N)
BAR BAR LENGTH  TUNSION BAR

N FEET FEET FEET LBS DEGRELS

0 0 3319 18401 723 5.2

1 300 3292 18099 721 5,4

2 1500 3168 16892 687 7.0

3 3000 2918 15377 650 8.1

4 6000 2431 12325 606 9.5

5 9006 2019 9266 560 1C. 3

& 12000 1489 6200 512 13.5

7 15000 918 3125 456 15.3

8 16500 498 1578 421 19.4

9 17700 93 314 377 18.5

10 180Q0 _ -0 -0 349 23,6

64  ancHOR 368 23.3
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CABLE CONFIGURATIONS D TENSIONY

CABLL MATZRIAL NYLON
CURRENT PRUFILE ¢
T Suetl) 4Ah0 LBS

£ Susi) Y Sus()

HAR BAR
N FEET FELT
0 0 1095
1 500 1u9lD
2 1560 10617
3 309¢ 10287
4 6040 9715
5 9000 8265
6  1237C 6711
7 1500C 5317
8 16590 3660
9 1770C 1736

15 1807C -0

ANCHOR

CABLE MATERIAL NYLOD
CURRENT PROFILE 3
T sua(l) 7200 L#S

X SUBIN) Y SUBIN)

BAR BAR
N FEET FEET
2 o 65137
i 3C0 6518
2 1590 6226
3 3000 5683
4 6000 4573
5 9000 3446
6 120¢C0 2364
7 15000 1150
8 16500 570
9 17700 117
12 18000 ~0

ANCHOR

CABLE
LENGTH
FFET
22309
22002
20767
19232
16165
12R34
94586
622¢C
3863
1761

-C

CASALE
L.ENGTH
FEET
19093
18792
17657
15967
12780
95817
6389
3182

1601

CABLE DUIAMCTER 0.5 N

OCEAN
PAGE

MEAN

21

TEMSION

L8S

346
299
252
211
185
157
142

132

DEPTH 19000 FEEY

THETA SUB(N)

BAR

NEGRAEES

8.7
#.8

1.9

28.4
34.6
48.9
62.8
79.5

83.1

CABLE DIAMETER 0.5 IN
CCAN DEPTH 18000 FEET

PAGE

MEAN
FLNSIO

L8S
1230
7210
7118
7094
7958
7016
6962
6906
6856
6819
6792

6792

22

N

THETA SUB(N)

HAR
DEGREES

19.9
204

2C.7T

65
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CABLE CONFIGURATIONS AND TENSIONS

CABLE MATERIAL NYLON CABLE DIAMLTER 0.5 IN
CURRENT PROFILE 3 OCEAN DErIH 12000 FEET
T Sust{i) 3600 L8S PAGE 23
X SUB{N} ¥ SUB(N} CABRLE MEAN THETA Suo (i)
RAR BAR LENGTH TENSION BAR

N FEEY FEET FEET LBS DEGREES

J c 14002 23432 3640 7.2

1 3o¢ 14764 23130 3602 7.2

2 1560 14191 21807 35C0 27.¢

3 30920 13003 19904 3466 38.4

4 6600 10540 15999 3437 38.9

5 9020 7965 12143 3396 40.4

6 12000 5361 0652 3353 4.5

7 15000 2701 402°% 3315 41.1

8 16510 1349 2014 3258 42.0

9 1779¢ 279 4C9 3230 42.4

10 18000 -0 -0 3216 43,2
ANCHOR 3214 43.1
CABLE MATERIJAL NYLON CABLE DIAMFTER 0.5 IN
CURRENT PROFILE 3 GCEAN DEPTH 1800GC FLET
T SuBll} 216C LBS PAGE 24

X SUHIN) Y SURIN]) CABLE MEAN THETA SU3(N)
BAR BAR LENGTH TENSTON BAR

N FEET FEeT FEET LBS DEGREES

0 0 33697 38433 2219 11.6

1 300 33634 38127 2158 11.9

2 1500 32617 36557 2916 40.3

3 3000 30300 33830 2027 57.2

4 6000 25277 27984 20C0 52.3

9 9000 19916 21840 1965 61.0

6 12000 13909 15130 1930 63.C

7 15000 T467 en23 i893 65.3

8 16500 3759 «n30 1847 66.9

9 17700 BlO 863 1864 68.9

10 18000 -0 -0 1829 m.l

66  AncHOR 1840 70.2
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GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

CABLT CUNFIGURATINNS AND TUNSIONS

CABLE MATERIAL NYLOW
CURPUNT PRUFIL: 4
T SuB{l) 7200 LHS

X SUBIN) Y SUB(N) CABLC

AR bLAR LENGTH
N FCLCT FEFY FEET
0 0 8342 19824
11 3oc B336 13525
2 1590 7931 18265
3 3000 1234 165173
4 6090 5627 1330¢C
5 3050 449073 9981
6 120920 2965 6655
7 15090 1513 3322
8 1650¢C 752 1577
9 1170¢ 153 338
10 18000 =9 -G
ANCHOR

CABLE MATERTAL NYLON
CURRENT PROFEILE 4
T susll) 36TC LBS

X SuBiN} vy SUB(N) CABLE

BAR B4R LENGTH
N FEFT FEET FEET
0 0 19630 26A92
1 300 19536 26378
2 1520 18697 24916
3 3900 17147 22756
& 6000 13323 183746
5 9000 16603 13909
6 12000 7181 9350
7 1560C 3666 4730
8 16500 1825 2365
9 17700 384 48¢
12 18000 -0 -0
ANCHOR

CABLE OIANMFTER 0,5 [N
GCLAN DLPTH 1n00s FLET

PaGE 2%

MTAN THETA Sups(N)

TCNST DN fan
LRS NEGRELS
1242 d. R
7199 #ed
7118 124
7061 26.8
47 25.4
7007 25.7
A94H 25.8
62073 2F.1
ARG T 25.2
HR1S 26,3
5794 2h.56
6794 2647

CABLE QJIAMETER C.5 0N
OCEAN CEPTH 1BOCQ FEET

PAGE 206

MEAN THETA SUB(N)]

TERSINN BAR
LBS NDEGRELS
3K78 17.1
3894 i7.%
3490 35.2
3486 46,1
3457 47.73
3415 48,0
2373 438.8
3334 43.6
3323 50s 4
3287 S1.0
3259 1.8
3248 S1.7 67

T e e —————




GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

CALLE CONFIGURATINNS AND TONSTUNS

CABLE MATERTIAL NYL O CARLE DIAMCTEY  Gu5 1N
CURRENT PROFILE 5 UCZAN DEPTH 18000 FLETY
T Suas(l) 7200 LBS OAGE 217
X Su4{N} ¥ Sust\) CaBiL© LAY THL 1A SUs(N)
BAR BAR 1 ENGTH TENS U [LAR

N bEeT FEET FerT L8s NES2LES

J 0 16317 24315 7309 27.3

1 35¢C 16159 239717 1208 2771

2 159u 15282 27493 7143 6.0

3 3pne 13967 20490 T1i? 4leh

4 600C 11249 1h435 1016 42,2

5 907¢C 8502 12360 1052 42.7

6 12090 5119 8765 6392 42,9

7 15¢06 2990 4149 6952 6. 2

H 16330 1445 2084 45929 43,5

g 17790 276 422 £4890 43,8

19 1£000 -G -G 6365 46,1
ANCHUR HROA 4,1
CABLL MATLRIAL NYLON CABLE DlaMeTEt Z.7 14
CURRENT PROFILE 3 GCEAN NEPTH 1HUCO FFET
T Sustil) 53000 LGS PAGE 2k

X Sudin) Y suB(N) CABLF VEAN TRETA SUs{N)
RAR BAR LINGTH TLNSION LAR

N FEET FEET FFET LBS NELRELS

v ¢ 4041 13469 52191 3.7

1 300 4022 13168 S30R7 3.7

i i50¢C 3833 16955 52865 9.1

3 10920 3494 15429 52694 i2.6

4 63CC 2821 12332 524C0 12.¢

) 3000 2145 9243 52049 12.9

& 120130 1456 6154 51685 13.2

7 15000 762 3063 51237 13,3

13 15500 387 1547 %1003 13.4

3 17730 15 309 50724 i3.2
10 1810¢ -0 ~0 50653 13.5

68  anchor 5061 4 13.%
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GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

CABLE CONFIGURATIONS AND

CABLE MATCERIAL NYLUOM
CURRENT PROFILE 3
T Sus{l) 31600 LHS

X SUS{N) ¥ SuBIN)

BA» LAR
N FEFT FEES
) ¢ 6571
1 30¢ 6939
2 1530 6623
3 3000 6057
4 6000 4898
5 SO0(C 3768
6 1205¢ 2494
7 15400 1252
8 16500 635
9 17100 124

10 18290 -0

ANCHOR

CABLE MATERIAL NYLON
CURRENT PROFILE 3
T Sug{l} 20C00 LuS

X SUB{N) Y suB(N)}

BAR BAR
N FECT FELCT
) G 11624
1 360 11574
2 1509 11066
3 3696 10141
A 6020 8229
s 309¢C 6255
6 12090 4226
7 15000 21136
8 1650C 1078
3 17700 219
13 16000 ~0

ANCHOR

CABLE
LENGTH
FEET
16277
18975
17735
16129
12923
3704
6474

3231

CABLE
LENGTH
FEET
21340
21742
19741
17985
14456
10901
7310
3676
1849
372

-0

TENS TOMNS

CABLE DIAMETER
OCEAM CEPTH 18300 FEET

PAGE 29

MEAN
TENSIGN
L3S
31363
jinan
31583
31413
31124
3C¢733
30398
3C046
29658
2552729
29400

29318

1 AR

6.1

6.2

21.4
22.9

22.3

CABLL DIANMCTER
CCEAN DEPIH 18000 FLET

PAGE 3G

MEAN
TENSION
LBS
20192
19987
19593
19498
19279
13832
18526
12137
17879
177180
17524

17598

BAR

9.4

9.5
22.9
3.7
32.9
33.2
34.1
34.8
35.5
6.3
35.3

36.3

2.0

DEGREES

NEGREES

IN

THFTA SUs (N)

2.0 IN

(HETA Sur(N)




GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

CABLE CUONFIGURATIONS AND TENILONS

CABLE MATEZRIAL NYLON CABLE PiamMETER 2.7 1N
CURRENT PROFILE 3 CCEAM DLeit LBACO Tred
T Sud(l) 20025 LdS PAGE 3]
X SuBim} ¥ SUB{xN) CABLE FLAN IHETA SuL (7))
BAR BAR LINGTH TLNSTON 1BAR

1 FEET FEET FECT LBS NEGRELS

Q 0 ilg9oe 21683 20214 2.8

1 36C 11347 212719 12992 1.9

7 1500 L1440 19978 19635 23.4

3 3000 10504 18219 19554 32.1

4 6000 8575 14546 19343 322

5 3090 6453 11244 16659 36,0

6 12090 4352 7398 18583 34,2

7 15000 2205 3724 181392 35:8

8 1650C 11490 1886 17961 36,2

9 17708 218 371 177C 4 36. F
19 18GC0O -0 ~Q 17697 37.¢€
ANCHOR 17592 37.6
CaBtL MATERTAL NYLON CABLE UIAM TR 2.0 W
CURRENT PROUFILE 3 DCEAN DEPJH LS0CS FFREN
T syetl) 15904 LaS PAGE 37

X SuBin) ¥ SUBEN) CABLE MEAY THE TA St {3}
BAR BAR LENGTH TENST U RAR

N FcET FILET FEET LBS NEGREES

3 4] 16270 241374 16140 12.2

1 3G0 16204 24067 158a2 iZ.4

2 1500 15540 72694 1544° 28.%

3 3000 14311 2n160 15375 37.4

4 6000 11740 16782 15063 4G

5 9695 9038 12732 1+687 41.9

5 12005 6157 2606 14456 43.8

4 15000 3243 dal4 16128 as.1

g Le500 1674 2248 13862 46.2

g L2700 326 444 13601 47,3
13 18020 -0 -@ 13460 47.9

70 ANCHER 13438 48,0
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GM DEFENSBE MESEARCH LABORATOR!IZEE @ GENERAL MOTORE CORPORATION

CABLE CONFIGURATIONS AND

TENS TONS

CABLE MATFRIAL STEFL CABLE DIAMETER 2.0
¥~ CURRENT PROFILE 2 DCEAN DEPTH 6000 FEET
T SUB(L) 1000C LBS PAGE 33
li X SUBIN) Y SuB(N) CABLE MEAN THFETA SULIN)
BAR HAR LENGTH  TENSTON BAR
N FEET FEET FEET LB3 DEGREES
a o 0 156 6093 10009 1.1
1 100 154 5903 9991 1.1
; 2 50G 146 5503 9861 .0
3 1000 134 5904 9652 1.3
\; 4 2000 11C 4Co2 u3le 1.4
5 3000 86 3n00 8892 1.4
! 6 4000 60 1996 8460 1.5
‘ 7 5000 34 996 8035 1.6
a 8 5500 17 500 7705 1.6
) 5900 3 100 7491 1.8
a 19 6000 -C -0 7361 1.9
ANCHOR 7337 1.8
a CABLE MATERIAL STEEL CABLE ODIAMLTER
CURRENT PROFILE 2 OCEAN DEPTH 6000 FEET
g T SUB(1) 600C LBS PAGE
X SUB(H) Y SUBIN)  CABLE MEAN THETA SUB (N}
BAR BAR LENGTH  TENSION HAR
i N FEET FEET FEET LBS DEGREES
0 0 288 6014 6016 1.7
‘ 1 100 285 5914 5998 1.7
2 590 2n 5514 5853 2.1
. 3 1000 252 5015 5659 2.1
4 2000 210 4012 5332 2.4
' 5 3000 159 3007 49%0 2.8
6 4000 107 2002 4471 2.8
' ) 7 5000 54 997 _ 4037 3.1
3 5500 27 501 37127 3.7
! 9 5900 5 100 3502 3.9
L 10___ 6000 -0 ___ _~Q_ __ 3370 N!
s ANCHOR 3352 4.0 71
- = S — —




GHM DEFENSE RESEARCH LABORATORIES @ GENEIAL MOTORS CORPORATION

CABLE CONFIGURATIONS AND TENSIONS

CABLE MATERIAL STEEL CA3LE DIAMETER 0.6 [N
CURRENT PROFILE 2 OCCAN DEPTH 600D FEET
T SUBLL) 3600 LARS PAGE 35
X SUBIN) Y SUB{N) CARALE uL AN THETA SUH(N)
BAR BAR LENGTH  TENSION RAR
N FELT FEET FECT LBS DEGREES
0 ¢ 1019 6150 3623 3.5
1 100 1013 6049 3003 3.6
2 530 984 5648 2873 4.1
3 1000 945 5148 2666 4.6
2 2000 836 4135 2336 5.4
5 3660 726 312) 1912 &6
& 4000 600 2107 1476 H.6
7 5000 399 1780 1049 13.2
8 559¢ 253 566 722 17.7
9 5370 94 137 513 25.4
10 4000 -0 -0 490 36.9
ANCHUR 372 38.5
CABLF MATERIAL STEEL CABLE DIAMETER 0.5 IN
CURRcHT PRUFILE 2 OCLAYN DEPTH 40CL FEET
¥ SuB(1} 2836 LBS PAGE 35
X SUBIN} Y SUB(N}  CABLE MEAN THETA SUS (i)
BAR BAR LENGTH  TENSION BAR
N FEET FEET FEET LRS DEGRECS
0 0 1629 458G 2861 3.7
1 120 1622 £480 2841 3.7
2 500 1592 6079 2713 4.1
3 1000 1551 5578 2504 4.8
4 2000 1442 4565 2175 S8
5 3000 1332 3552 1745 1.2
6 4090 1178 2533 1323 1C. 4
7 5000 949 1502 893 14.3
8 5500 776 979 S64 22.9
9 5900 457 466 167 4D.8
19 6000 -0 -0 246 77.3
72 ANCHOR 240 79,4




GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTGRS CORPORATION

CABLE CONFIGURATIANS AND TUENSIINS

1 CABLE MATERIAL STEFL CABLE DIAMCTFR 0.5 IN
CURRENT PROFILE 3 GCEAN DEPTH 600G FEET
T SUB(1} 20000 L8S PAGL 37
i X SUR(N) Y SUB(M)  CABLE MEAN THE TA SUK{N)
BAR EAR LENGTH  TENSION BAR
] N FEST FLET FEET L8S DEGREES
]r o 0 843 6077 13998 1.5
5 1 190 g4l 5977 19976 1.5
}, 2 500 429 5576 19343 3.C
3 1090 773 5775 19639 8.3
l 4 200¢C 638 4n5y 19291 7.7
N 5 300¢C ©86 3040 18064 8.7
jﬁ 6 4030 330 2621 13432 9.¢
) 7 5590 168 130¢ 17993 9.1
J, 8 5500 86 507 17628 9.3
9 5900 17 101 17451 9.4
], 10 600( -0 -C 17323 9.6
ANCHGR 173¢5 9.6
]
: CABLE MATERIAL STEEL CABLF DIAMETER 2.5 [N
CURRLNT PROFILLE 3 OCLAN REPTH  6RQY FEET
] T SuB(1l) 10600 LBS PAGE 38
X SUB(H) ¥ SUB(N)  LABLC MEAY THETA SUs{N)
BAR BAR LENGTH  TENSION RAQ
]3 N FCET FEET FLET LBS DLGREES
- ) c 1889 6282 10039 2.9
;‘ 1 16G 1884 6181 100C7 2.9
. 2 500 1841 S779 9868 6.0
%ﬁ 3 1000 1746 5270 9659 12.8
- 4 2000 1466 4733 9317 15.&
2; 5 3000 1130 3185 8905 18.3
6 400¢ 774 2129 8474 19.4
3' 7 5000 404 1067 8050 22.5
8 5500 267 540 7718 21.1
i 39 5900 41 108 7520 22.2
10 4000 -0 -0 7383 22.5
1 ANCHOR T364 22,5 3
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GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

CABLE MANERIAL SIESL

CURIENT PACKILE 3

T Suull)  600L LS

£ SU4(nN) Y SUB(N)
Bag AR

N feed FouT
3 L 4045
1 10C 4C84
2 500 3GRS
3 1050 3oy
4 2udu 33n7
5 360G 2652
& 4UN0 194
7 5090 1274
8 5530 71
9 SINC 122
12 45510 -J
ANC{UR

CABLE MAjTRRIAL STEEL

CABLE COVFIGURATIONS AND TENSTUNS

CURRENT PROFILE 3

T su(l} 5
X Susd

BAR

H FECT

J C

1 104

2 560

3 109¢C

4 209G

5 3016

6 4000

7 509¢

8 5500

9 9990

10 6000

T4  aNCHUOR

166 LGS

M) Y Sus(n)

HAR
FEET

6754
6744
6660
6464
5¢53
5C3%
4052
272¢
1786

566

-0

canLg

‘ENGTH

FOLT
1364
7261
ARST
5330
5207
CRETS

2796

CABLE

LENGIH

FEET
J483
9382
B974
8&£37
7271

5974

2918

1852

ChruLl
ICEAYN
PALGE

MIAN
TEMSEO

LGS
s0LS
AO20
5378
SHES
5329
4915
f4Ha0
4nN6
3754
3534
1442
Jad2

LABLF

OCLAN
PAGE

MEAN
TUNSIO
LBS

5205

DlARLTER
PEVTH AN
39

{leIA 5

i LAY

LL2L .

45. 1

Hr. 3}

5.8

i

PIariTed

uLPTH 407
PR

THETA S
| BAR

TOREET

Jo ()

P

I

YFe i

Us{N\)

DLGREES

1t.rn
21.53
31.5
3. 8
46,7
S2.¢&

61.8
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GM DEFENSE RESEARCH LABORATORIES @ GENEAAL MOTORS CORDPORATION

ICURATIONS AND TENSTIONS

CABLL MATERIAL STEFL
CURRENT PROFILE ¢
T SuB{(1) 20000 i8S

X SUBIN) Y SUB(N)  CABLE
8AR BAR LENGTH
Y FEE! FEET FLOT
0 0 1441 6172
1 100 1430 6071
2 500 1371 5668
3 1000 1277 5159
4 2000 1050 4130
5 3000 797 3096
5 4000 539 2063
7 5000 215 1027
8 5500 140 518
9 5900 28 103
10 6000 -0 -0
ANCHOR
CABLE MATERIAL STEEL
CURRENT PROFILE &
T SUB(1) 10000 LHS
X SUBIN) Y SUB{N)  CABLE
BAR BAR LENGTH
N FEET FEET FEET
0 0 3358 6885
1 100 3335 6782
2 500 3216 6366
3 1000 3022 5829
& 2000 2535 4718
5 3000 1970 3573
5 4000 1366 2611
1 s600 ___T16 1229
8 5500 369 622
9 5900 74 124
19 6000 -0 -0

CABLE DIAMCTER
QCEAY DEPTH 600

PAGE

MEAN
TENSIO

LBS
20037
20007
19879
19665
19333
184901
18461
18029
17584
17499
17373

17352

41

K]

THETA S
BAR
DEGRE

10.6
13.0
14.0
14.5

14.7

CABLE DIAMETER
QCEAN DEPTH 6000 FEET
PAGE 42

ME AN

TENSION

LBS
10027
9956
9849
9641
9288
8887
8470
8033
7683
7501
7389

7368

THETA S
BAR
_DEGRE
13.3
13.4

16.5

6.5 I
D FEET

UG {N)
LS
0.5 IN

us (N}

ES

75

aoreagrsarn
At A o g AT e e ey e




GM DEFENSE RESEARCH LABORATORIES @ GEHNERAL MOTORS CORPORATION

CABLE CONFIGURAYIONS AND TENSINNS

CABLE MATLRIAL STEEL CABLE DIAMETER  C.5 IN
CURRENT PRUFILE & OCEAN DcPTH 600G FEET
T SUB(1) 8000 LBS PAGE 43
X SUBIN) Y SUBIN)  CABLE MEAN THETA SUY iN)
BAR BAR LENGTH  TENSION RAR
N FECT FEET FECT LBS DEGREES
o 0 4818 7750 8037 16.7
1 100 4788 7646 7994 16.8
2 500 4638 7219 7856 2C. T
3 1000 4387 6661 7649 26.7
4 2000 3730 5476 1317 33.1
5 3000 2962 4214 6903 37.6
6 4006 2101 2887 6476 40,6
7 5000 1117 1489 6150 44,2
8 5500 581 767 5768 47.9
9 590¢ 123 158 5549 49.8
10 6C00 ~0 -0 5416 512
ANTHOR 5402 51.4
CABLE MATERIAL STEEL CABLE DIAMETER 0.5 IN
CURRENT PROFILE 4 OCEAN DEPTH 6000 FEET
T SUBIL) 6604 LBS PAGE 44
X SUBIN) Y SUBIN)  CABLE ME &N THETA SUBI(N)
BAR BAR LINGTH  TENSION BAR
N FEET FEET FEET LBS DEGREES
o) o 857> 10799 6646 23.3
1 100 8535 10693 6596 20.5
2 500 8345 10252 6485 25.6
3 1600 8024 9664 6233 32.1
4 2090 7183 8350 5924 4G.4
S 3000 6119 6893 5490 46.5
6 4000 4832 5260 5079 52.0
) 7 5000 3151 3307 4670 49,4
;) 5590 1994 2053 4354 66.7
9 5900 581 558 4176 74.3
i 19 6000 -0_ -0 4059 80.2
ng  ANCHOR 4047 81.8
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GM DEFENSE RESEZARCH LABORATORIES @ GENERAL MOTOKS CORPORATION

vm« o —

CABLE CONFIGURATIONS AND TENSIONS

CABLE MATERIAL GLASS CABLL DIARITER 5.5 1IN
CURRENT PROFILE 3 OCEAN DEPTIH 6000 FLET
T Sus(l}) 10000 LBS PAGE 45
X SUB(nN) Y SuUBiN) CABLE MEAN THETA Sun (M)
BAR BaRr LENGTH TENSION BAR
N FCCT FEFRT FEET LBS DEGRELS
J c 1628 6210 19C15 1.0
1 100 1624 5110 1o00¢7 3.0
2 500 1582 57067 9954 540
3 1096 1484 5199 9891 12.5
4 2090 1227 416% 98(C 4 14,8
5 3CC0 928 3125 9721 16.7
6 4000 623 2084 9625 17.¢C
7 5G0C 312 1041 9550 17.4
8 5500 166 522 9458 17.5
3 596C 31 1G4 9397 17.6
10 6000 -0 -C 9367 17.6
ANCHOR 9344 17.6
CABLE MATERIAL GLASS CABLE DlaMtTER 0.5 IN
CURRENT PROFILE 3 OCEAN DEPIH 67300 FEET
T SuBi{i) 5000 L8S PAGE 46
X SUB(N) Y SUB(N} CABLE VAN FHETA SUM (W)
B8AR BAR LENGTH TENSTION YAR
N FEET FELT FEET LBS DEGREES
0 0 362¢C 7023 5024 5.9
1 100 3609 6923 5010 5.9
2 530 3524 5514 4943 11.9
3 1000 3332 5978 4887 Zr.9
4 2000 27177 4837 4Rl 28. 4
5 3000 2119 3652 4726 33.1
6 4000 1439 2451 4639 34.1
_ 7 5000 739 1236 4536 36.7
8 5500 378 626 4483 35.8
9 8900 16 124 ©428 36.3
10 6000 -0 -0 4376 36.5
ANCHOR 4371 .5
T e — TR -

KX




GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

CABLE CONFIGURATIONS AND TENSIONS

CABLE MATERIAL GLASS CABLE DIAMETER 0.5 IN
CURRGNT PROFILE 3 OCEAN DEPTH 6000 FEET
T SUB(1) 300C LBS PAGE 47
X SUBIN) Y SUBIN)  CABLE MEAN THETA SUB(N)
BAR BAR LENGTH  TENSION SAR
N FEET FEET FEET LBS DEGREES
5 0 1858 10945 3020 9.8
1 100 7841 9944 306¢ 9.9
2 50C 1697 9520 2932 19.8
3 1600 1359 8919 2879 34,0
4 2000 €295 7463 28C5 46.6
5 3000 4972 5806 2715 52.7
6 4000 1495 4520 2645 55.5
7 5000 1879 2126 2562 58. 3
8 5500 985 1194 2482 65.5
9 5900 264 221 2451 62.8
19 6000 -0 -0 2422 64.2
ANCHER 2425 6L, 4
CABLE MATERIAL GLASS CABLE DIAMETER 0.5 IN
CURRENT PROFILE 3 GCEAN DEPTH 6000 FEET
T SUB{l) 2584 LBS PAGE 4§
X SUBIN) Y SUBIN)  CASBLC MEAY THETA SUB (N}
BAR BAR LENGTH  TENSION RAR
N FoeT FEET FEET LBS DEGREES
0 o 12244 13968 2604 1.3
1 160 12224 13866 2583 11.4
2 500 12057 13433 2510 22.7
3 1000 11658 12795 2464 38.9
4 2009 10347 1il46 2388 52.7
5 3090 8612 9142 2311 59.9
6 4000 6554 6850 2246 64. 1
1 5000  4C04 4112 2168 66.6
8 5500 2313 2361 2089 13.2
9 5900 532 589 2070 77.3
10 6000 -0 -0 2050 _ _80.1
78 ANCHOR 2648 80.7

o _ - ) TR AT N P Y I T
_
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T sus{i) 5000 LBS PAGE 59
X SUBIN} Y SUBIN)} CABLE MEAN THETA SUB(N)
- 8AR BAK LENGTH TENSION RAR
N FEET FEET FEET (Y DESRELS
N Q 4] 1236 9449 50644 27.1
] - 1 100 7184 9337 5002 27.2
' 2 500 6927 8862 4953 32.8
§~ 3 1000 6500 8204 4899 40.5
____4 2000 5610 _ 6730 4837 47.7
1‘ 5 3000 4152 5124 4758 51.4
_ 6 4000 2838 3469 4H74 52.7
1 T 5000 1465 _ __ 1773 _ _ &575__ 5.0
- 8 5500 742 B9% 4537 5.5
’ $ 5900 153 _ 183 4457 56.1
Y 6000 -0 -0 a661 56,9
3 ANCHOR B 4437 57.0 79
© > e PRI NS MG o o

GM DEFENSE RESEARCH LABORATORIES @ GENKRAL MOTORS CORPORATION

CABLE CONI IGURATIONS AND TENSIONS

CABLE MATERIAL GLASS
CURRENT PRUFILE 4
T SuB(i) 106C00 LBS

X SUB{N} Y SUBIN) CABLE

BAR BAR LENGTH
N FEET FEET FEF T
9 0 2858 6638
1 100 2834 6536
2 500 2717 - 6119
3 1000 2527 5584
& 2000 2063 4482
5 2000 1561 3364
6 4900 1051 2262
) 7 5000 535 1117
8 5500 267 566
9 5900 54 113
10 6000 -c -0

ANCHOR

" CABLE MATERIAL GLASS
CURRENT PROFILE &

CABLE NTAMETER Q.5 IN

OCEAN DLPTH

PAGE 49

MEAN
TENSION

£B8S

100190
9984
9933
5872
9117
9706
9615
9525
9423
9405
9342

9339

6000 FLET

THETA SUd{N)}

BAR
DEGREES

13.3
13. 4
1.3
2C.8
24.8
25.8
27.2
27.6
27.6
28.2
é8.1

28.1

CABLE DIAMETER 0.5 IN

DCEAN DEPTH

£000 FEET




GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOGTORS CORPORATION

CABLE CTONFIGURATIONS AND TENSTONS

CARLE MATIRIAML OLASS CABLE DIAMETER o5 1
CURRENT PROFILE ¢ OCEAM urvlh 667 ) FLU)
T Sue{l} 3774 LBS VAGE
X SUJING Y SUsiN) CABLE MEAN TLETA SUH(1}
BAR hAR LOMGTH TENSION AW
N FEERT f el FCETY 1L.BS LESTFD L
23 0 15065 15381 3,y 36,7
t 100 14989 16256 3774 Af. ]
2 200 14697 15703 37121 6.8
3 1330 136537 14882 358 52e 7
4 203C 12164 12329 3622 5007
5 3¢HC 9969 17418 3154¢ AG %
5 4000 74413 7697 348" 6P ¢
7 59¢0 4473 4472 3424 721
8 55%¢ 24019 2438 3344 I, .1
Q 5930 511 984 324C TSN
10 6000 -0 -y 1269 37
ANCHUR 3262 R
CABLE MATCRIAL NYLON CABLE RIaAMzTIR DIPRLT I
CURRECNT PROFILE 2 HCEFAN DEPTR 6070 FFRET
T Sur(l) 350G LAKS PAGE 52
X SUd(N} ¥ Sup(vN) CABLF »AY Tt TA SU3 (M)
BAR BAR LLHNGTH TONSTON RAR
N FrET FEET FFET L35 NEGREIS
9] C 143 6052 3586 1.1
1 19C L&2 59462 3596 1.7
2 530 134 5502 3562 1.7
3 iva0 124 5004 3525 t.oh
4 PO, 192 4002 3477 let
5 30206 E£ Ango 3425 1.7
s 4000 S? 183§ 3379 L7
1 5690¢C 21 995 333: 1.7
8 3500 13 439 3286 2.1
9 5370 2 39 1241 1.8
12 6C00 -0 -G 3206 2.1
80 ANCHOR 3204 2.7
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GM DEFENSE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

CABLE CONFIGUPATIONS AND TFAUSTUNS

CABLF MATERIAL WYLON CABLE N{AMETER 9.9 |y
CURRENT PROFILE 2 OCEAN DEPIH 6070 FFCH
T SUB(L1) 2160 LS PAGD 53
X SUBIN) ¥ SUB(N)  CARLE MEAN THETA Sy ty)
BAR 6 AR LENGTH  1L4SION 2 A<

\ FCET FEET FFET L6S DFGREFS

2 0 336 6215 2159 L.

1 100 303 5914 2157 loo

2 500 287 5515 2119 2.2

3 1630 264 5016 20k 5 2.

4 2090 215 4311 2642 2P

5 3050 164 300¢ 1995 2.9

5 4950 1 20072 1946 2eh

7 3000 57 996 1r9n 3,0

8 5540 28 501 1853 1.7

) 5920 5 100 180a 5.3

12 6600 -G -0 t77n 3.2
ANCHUR 17¢9 3.8
CABLE MATERIAL NYLON CABLT DIAMLTER .S Iy
CURRLCNT PROFILE 2 UCEAN DEPTH GOIC FEET
T SuBl1) 720 L3S PAGE 54

X SUBIN} ¥ SUBIN}  CABLE MEAN THETA Sun i)
BAR BAR LENGTH  TENSIAON #AR

N FoOY FEET FEET LBS NEGRELS

5 G 1085 6125 722 Se1

1 100 1546 6524 721 5.3

2 500 1008 5522 684 6.7

3 1000 $23 5116 650 8.1

4 200¢ 783 40986 608 9.5

5 3000 630 3779 58¢ 12.3

6 4930 463 2359 569 11.3

7 50Q0 2347 1036 45% 12.7

8 5500 156 522 426 13.8

9 530¢ 29 104 361 18.3

12 6006 -0 -C 347 20,2
ANUHOR 342 17,0 £l
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GM DEFENSEE RESKARCH LASORATORIES @ GENEKERAL MOTORS CORPORATION

CABLE COnNFIGURATIONS AND TENSIONS

CABLE MATERI AL NYLON
CJRRENY PROFILE 3
T SuBtll) 3600 L3S

X SUR{N] ¥ Sus(nj

BAR t AR

N FECT FEET
B 0 4451
1 100 6484
2 500 4407
3 10006 4168
4 2000 3467
S 320C 2621
6 4300 1757
7 SQ00 889
8 5530 436
9 390C 33
PRe 6000 -9
ANCHR

CABLE MATERIAL NYLOW
CURRENT PROFILE 3
I Sustl) 2160 L8S

X SUs(N) Y sus(.l)

BAR BAR
2 FEET FEEV
2 ¢ 93467
3 100 9355
2 580 9184
3 1006 B766
4 2009 7394
5 3000 5684
6 4020 3862
7 5000 2030
8 5500 1955
9 5300 206
19 6000 -0

ANCHOR

CARLL
LENGTH
FEET
7587
7487
1077
6527
5312
3996
2667
1330
665
135

-

CABLE

LENGTH
FEEY
11276
11170
10749
10111
8417
6432
4376
2264
1172
228

~0

CABLE DIamITE?
OCEAN DEFPIn 605

PAGE 55

MTAN
TENSION

L8s
38617
3607
31559
3522
3493
3439
3451
3397
3367
2349
3337

3333

THE A S
8AR
NDEGRE
(‘cl
4.1
12.7
24,5

35.3

@3¢5
40, 8
4i.2
41.5
42.2

42.1

CALBLE DIAMETER
OCEAN DFPIH  60C

PAGE 5%

MEAN
TENSION

LBs
2178
2162
2133
2030
2083
2080
2031
1999

2355

THETA S
BAR
DEGRE
7e5
6.5
22.0
38.1
56.7
5%.R
51,2
6.7
62,95
64.7

% ALY

65.5

0.5 IN
S FEET

U i)

ES

0.5 I~
Q FEET

Un N}

£S




OM DEFEHNSE RESEARCH LABORATORIES ® GENZRAL MOTORS CORPORATION

CABLE CONFIGURATIONS ANO TENSUNS

, CABLE MATER]AL NYLON CABLE DIAMETLR 2.5 IV
CURRENT PROFILE 3 OCEAN BEPTh  60CO FEET
I Sus{i; 1899 LaS PAGE 57
' |
(. X SUSIN) Y SUB(N)  CASBLE MEAN THCTA SUBEN)
' RAR BAR LENGTH  TENSION RAR
N Fre? FEET FEEY LBS DEGRESS
i }
0 0 36918 41734 1905 7.9
1 150 36877 41432 1891 7.8
{ , 2 500 36175 40132 1829 23.2
3 1900 34940 38065 1817 43,9
‘ 4 2050 29206 32213 1795 59,0
5 3609 236468 25105 1803 65.4
]
i 6 4,06 16279 17304 1780 67.1
7 5090 8722 9180 1762 68.5
3 5500 4716 4936 1706 69.7
9 5900 R in29 1714 70. 9
10 6000 -0 -0 1762 72.1
ANCHOR 1717 72.3
[
CABLE MATCRIAL NYLON CABLE DIAMETER 9.5 [N
CURRENT PROFILS 4 {IC€Ax DEPTH 6000 FFET
T SUB(1) 3600 LBS PAGE S8
X SUBINJ Y SUBIN)  CABLE MEAN THETA SU3(N)
BA2 BAR LENGTH  TECNSION SAR
N FEET FEET FEET LAas DEGRELS
9 I 6043 8574 3621 16,4
{ i 100 5017 2471 35098 16,5
2 500 5850 8038 3548 22.5
3 1000 5512 7437 3521 34,0
4 2008 4564 6060 349 43.8
{ ] 5 3000 3462 4575 3451 47,7
6 4000 2331 3063 3445 48,5
‘ _ 7 50C0 1182 1540 3416 49.0
8 5500 59] 174 3422 50.0
! 9 590¢ 122 158 3368 50.0C
10_ __ _ 6000 -0 . -0 3361 $0.7
l i ANCHOR B 3348 50.5 83
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GENERAL MOTORS CORPORATION

CAALF CUNFIGUKRATIONS AND YONSIONS

CABLE MaTERIAL NYLON
CURRENT PrOFILE 4

T SuB(l) 4880 LKS

X Sus{d) ¥ Susiy)

A2 BAR
N FLUT FOLT
0 0 8389
1 120 8356
2 506 ble3
3 16U 7701
o 2000 4415
8 3000 495
6 4u0G 3533
7 5000 1798
8 5500 676
9 593C 177

11 6020 -¢

ANCHOK

CABLE MATERIAL NYLON
CURRENT PROFILL 4
T suB{l) 2880 LbS

£ SUAIN]) Y SUBIN]

BAR bAR
N FEET FEET
d 0 5368
1 100 83138
2 5170 8123
3 1000 7682
4 20926 6452
5 3000 4883
] 49000 3326
H 5Q00 1727
8 5500 817
S 590G 177
12 6030 ~0

ANCHOR

CARLE
LENGTH
FLCET
10493
1n298
TR46
9l7¢
755C
5731
3IR7S
1974
1010
203

- 0

CARLE
LENGTH
FEET
19343
10278
GR2 &
9158
7535
5717
3865
1967

1on9

203

CABLF DJAMETER 0.5 IN
DCCAN DEPTH 600D FLET
PAGF 59

MEAY THETA Suu (™)

TEHSTON JAR
LBS ESRLL
2904 1%, ¢
287 ¢ 18,2
28¢9 28.°
2805 41 .4
2760 52.°
2752 55,7
2764 51.9
2721 S5+,8
271¢ 59.4
260F 6,2
2662 6.6
JhEG nCLT

CARLE DIaMLTE2 3.9 IN
OCtaAN b2l 400N FLET
PAGE o0

MEAN THETA Sus(N)

TENSION AR
L8S DEGRLES
2904 1t .C
2879 1.2
2830 26.¢C
2800 41.3
2781 82.3
2182 5647
2745 57.7
2705 SR, 2
2681 59.1
2696 63,2
2662 6C. 6

2657 60,6
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GM DEFENEZE RESEARCH LABORATORIES @ GENERAL MOTORS CORPORATION

CABLE CONFIGURATIONS AND TENSIONS
CABLE MATERIAL NYLON CABLE DIAMETER 0.5 IN
CURRENT PROFILE & OCEAN DEPTH 6000 FEET
T SUB(L) 2142 LBS PAGE 61
X SUBIN Y SUB(N)  CARLE ME AN THE TA SUS (N)
BAR BAR LENGTH  TENSION HAR
N FEET FEET FLOT L3S DEGREES
0 0 14922 16223 2174 24.2
1 100 14876 16113 2139 24.6
2 500 14576 15613 2090 36.8
3 1000 13925 14793 2968 52.5
4 2000 11864 12502 2065 64,2
5 3010 5298 $748 2036 68.9
6 4009 6467 6723 2018 70.3
7 5000 3452 3575 2042 n.7
8 5500 1770 1834 2022 73.6
9 S900 405 416 1974 74.2
10 6000 -0 -0 1984 75.4
ANCHOR 1973 75.4
CABLE MATERIAL NYLON CABLE DIAMETER 0.5 IN
CURRENT PROFILE 3 OCEAN DEPTH 1800 FEET
T SUB{1) 3600 LBS PAGE 62
X SUBIN} Y SUBIN)  CABLL MEAN THETA SUB (N}
BAR BAR LENGTH  TENSION BAR
N FEET FEET FEET LBS DEGREES
0 0 921 2051 3606 2.3
1 30 920 2021 3598 2.3
2 150 909 1900 3571 5.3
3 300 880 1748 3555 10.8
4 600 781 1434 3498 18.0
s 300 636 1101 3472 26.0
6 1200 455 753 3454 31.8
I | 1500 239 184 3418 35.8
o 8 1650 120 192 3393 38.2
i 9 1710 25 39 3378 39.7
19 1800 ~Q =0 3357 40.5
ANCHOR 3362 40.6 85
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GM DEFENSE RESEARCH LASBSORATORIES @ GENKZRAL MOTORS CORPORATION

CABLE MATERIAL NYLUN CABLE DI&METER 0.5 N
CURRENT PROFILE 3 OCEAN DEPTH 1200 FLET
T suitl) 2160 LABS PAGE 63
X SUB(N) ¥ SUB(N) CABLE ME AN THETA SU3(N)
BAR RAR LENGTH TENSION 3 4R
N FEET FeLe FEET LBS DESKEC
0 0 178C 2621 2146 3.6
1 30 1778 2591 2164 3.7
2 150 1740 2476 2137 ol
3 3920 1715 2313 2104 16.9
4 650C 1542 1948 2051 29.1
5 900 1283 1549 29239 6l.1
5 1290 934 111 22325 49.5
7 1500 5006 586 2703 5%.0
8 1650 2578 298 1964 S8, K
9 1770 5% 63 1977 7.4
10 1800 =0 -0 1955 6le. %
ANCHOGR 1964 Hle1
CABLE MATCRIAL NYLON CABLE DIAMLTER CJ.5 IN
CURRENT PROFILE 3 OCLCAN DEPTH 13G0 FELET
T systl) 144u LBS PAGE 64
X SUB(N) ¥ SUBIN) CABLE MEAYN THETA SUBIN)
BAR bAR LENGTH TENSION BAR
N FEET FEET FEET L8S DEGRELS
0 0 3730 4312 1446 S.A
1 30 3727 4282 1443 5.7
2 150 35699 4159 1410 131
3 300 3628 3993 1381 252
4 600 3358 3588 1343 42.0
5 900 2B77 3022 1332 57.2
6 1200 2235 2303 1331 6k 4
7 1500 318 1348 1342 72.5
8 1650 760 714 i3l9 75.9
9 1770 173 175 1289 77.8
10 1800 -Q ] -0 1300 0.9
86 ANCHOR 1294 79.9
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g GM DEFENCE RESKARCH LABONATORIES @ GENERAL MOTORS CORPORATION
g CABLE CONFIGUPATIONS AND TENSTONS
& CABLE MATERIAL STELCL CABLE DIAMETER 0.5 v
g CURRENT PROFILE 3 OCEAN DEPTH 1600 FEET
T SUB(L) 10009 LBS PAGE 65
"E X SUB(N) ¥ SUBIN}  CABLE urAy INETA Sus (N)
BAR BAR LENGTH  TENSION RAR
N FEET FEET FEET LBS DL3RLES
8
{l 0 0 429 1858 10023 2.5
1 30 428 16828 10001 2.5
Ai 2 150 420 1708 9873 3.6
3 300 406 1558 9663 5.5
l 4 600 360 1252 9325 8.6
5 900 295 943 3904 12.2
{! 6 1200 212 632 8467 15.3
7 1500 114 319 8050 18.1
[
,f 8 1650 59 161 1706 19. 6
9 1770 11 32 1515 21.2
%
. 10 1800 -0 -0 7385 21.8
ANCHOR 7367 21.9
1
. CABLE MATERIAL STEEL CABLE DIAMETER 0.5 IN
CURRENT PROFILE 3 GCEAN DEPThH 1RCQ FEET
# T Suis(l) 6C00 LBS PAGE 66
4
X SUBIN) Y SUBI(N)  CASLE ME AN THETA SUS(N)
1 BAR BAR LENGTH TERSION BAR
; N FEET FEET FEE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>